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(57) ABSTRACT 

A method of treating a vertebra, comprising: 

(a) accessing an interior of a vertebra; and 

(b) introducing a sufficient amount of artificial biocom- 
patible material which does not set to a hardened 
condition in storage, into said bone, with sufficient 
force to move apart fractured portions of said bone. 
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METHODS, MATERIALS AND APPARATUS FOR 
TREATING BONE AND OTHER TISSUE 

RELATED APPLICATIONS 

[0001] The present application claims priority from Israel 
Application No. 166017 filed on Dec. 28, 2004. The present 
application claims the benefit under 35 (JSC 119(e) of U.S. 
Provisional Application No. 60/592,149 filed on Jul. 30, 
2004; 60/647,784 filed on Jan. 31, 2005 and 60/654,495 filed 
on Feb. 22. 2005. The present application is also a C'ontinu- 
ation-in-Part of PCT Application No. PCT/IL2004/000527 
filed on Jun. 17, 2004, which claims priority from Israel 
Application No. 160987 filed on Mar. 21, 2004, and which 
claims the benefit under 35 USC 119(e) of the following 
U.S. Provisional Applications: 60/478.841 filed on Jun. 17. 
2003; 60/529,612 filed on Dec. 16, 2003; 60/534,377 filed 
on Jan. 6, 2004 and 60/554,558 filed on Mar. 18, 2004. The 
present application is related to U.S. application Ser. No. 
09/890,172 filed on Jul. 25, 2001, and U.S. application Ser. 
No. 09/890,318 filed on Jul. 25, 2001. The disclosures of all 
of these applications are incorporated herein by reference. 

FIELD OF THE INVENTION 
[0002] The present invention relates to structural enhance- 
ment of the human body, for example, by injection of a 
material which does not set to a hardened condition. 

BACKGROUND OF THE INVENTION 

[0003] A common occurrence in older persons is com- 
pression fractures of the vertebrae, causing both pain and a 
shortening (or other distortion) of stature. One common 
treatment is vertebroplasty, in which cement is injected into 
a fractured vertebra. While this treatment fixes the fracture 
and reduces pain, it does not restore the vertebra and person 
to their original height. Another problem is that the injected 
cement may be injected out of the vertebra or may migrate 
out through cracks in the vertebra. This may cause consid- 
erable bodily harm. 

[0004] Another common treatment is kyphoplasty, in 
which the fracture is reduced, for example by first inflating 
a balloon inside the vertebra and then injecting a fixing 
material and/or an implant. The problem of cement migra- 
tion is reduced, but not avoided, as a lower pressure can be 
used to inject the cement. 

[0005] Some fixing materials, such as polymethyl- 
methacrylate (l'MMA). emit heat and possibly toxic mate- 
rials while setting. These may further weaken the bone and 
possibly cause the cement to loosen and/or the bone to 
fracture. 

[0006] It has recently been suggested that some fixing 
materials, being harder than bone, induce fractures in nearby 

[0007] It is also known to use bone-like repair materials, 
such as a slurry of bone chips, which apparently do not 
induce such fractures. However, injecting such materials is 
difficult due to their viscosity. There have also been attempts 
to reduce cement migration by injecting more viscous 
cement, for example, during the doughing time and the 
beginning of polymerization. However, the injection meth- 
ods suggested require higher pressures for the more viscous 
material. Also, some types of viscous materials, such as 



hardening PMMA, have a small workability window at high 
viscosities, as they harden very quickly once they reach a 
high viscosity. This has generally prevented very viscous 
materials and the associated very high pressures from being 
used. One possible reason is that as pressures increase, the 
physician is prevented from receiving feedback on the 
resistance of the body to the injection of the cement. Thus, 
over-injection can easily occur. 

[0008] Another way of increasing viscosity for injection is 
increasing a monomer-powder concentration ratio (MPR). 
However, it should be noted that increasing a cement's MPR 
can lead to marked drops in some of its mechanical prop- 
erties, such as elastic modulus, yield strength and ultimate 
strength. 

[0009] US patents and U.S. Pat. Nos. 4,969,888, 5,108, 
404, 6,383,188, 2003/0109883, 2002/0068974, 6,348,055, 
6,383,190, 4,494,535, 4,653,489 and 4,653,487, the disclo- 
sures of which are incorporated herein by reference describe 
various tools and methods for treating bone. 

SUMMARY OF THE INVENTION 

[0010] An aspect of some embodiments of the invention 
relates to both moving and supporting bone using a same 
material, which is not enclosed by a bag to prevent migration 
of the material. In an exemplary embodiment of the inven- 
tion, a material which does not set to a hardened condition 
is injected into a bone which is fractured and the pressure of 
the injected material moves the fractured pieces of the bone. 
The injected material remains in the bone to provide support 
and prevent retrograde motion of the bone, for example, 
permanently or until the bone heals. Optionally, an addi- 
tional material or implant may be provided to further support 
the bone, however, the injected material supports at least 
20%, 30%, 40%, 50% of the forces applied by the bone 
pieces, or smaller, intermediate or greater percentages. 
Optionally, the additional material is a cement which sets to 
a hardened condition. 

[0011] In an exemplary embodiment of the invention, the 
material used is an artificial material. In an alternative 
embodiment of the invention, the material is natural. 

[0012] In various embodiments of the invention, the fol- 
lowing types of materials are used: 

[0013] (a) Relatively (to bone) soft solid materials which 
can optionally undergo substantial plastic deformation with- 
out tearing and optionally include no cross-linking above 
type I. In an exemplar)' embodiment of the invention, these 
materials are compressed radially and provided through a 
narrow diameter aperture into the bone. In an alternative 
exemplar}' embodiment of the invention, the material is 
pro\ ided in a small profile condition and either compressed 
axially for loading into a delivery system or simply 
advanced into the bone without initial compression. 

[0014] In an exemplar}' embodiment of the invention, the 
soft materials are plastically deforming materials. In the 
example of intra-vertebral use, at least 50%, 80%, 90%, 95% 
or more of deformation is optionally plastic deformation. 
Optionally, the materials have an elastic deformation of 
0.1% or less. In an exemplar}' embodiment ol the invention, 
for a material 1 mm in thickness, elastic spring-back is less 
than 0.1 mm, less than 0.05 mm or less. 
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[0015] (b) High viscosity fluids, such as bone slurry, 
semi-hardened cement and putty-like materials. These mate- 
rials are flowed through the delivery system, optionally 
under a high pressure. In some cases, the fluids set to a 
hardened condition, for example, due to a polymerization 
process or due to contact with body fluids. 

[0016] An aspect of some embodiments of the invention 
relates to fracture reduction (e.g.. height restoration in a 
vertebra J. using a soft material that is not constrained by an 
enclosure. In an exemplary embodiment ol'lhe in\ ention. the 
material is a soft material softer than 60A, 70A, 80A, 90A 
or 100A shore. Optionally, the material is at least 1 OA shore 
or 20A shore, lor example, at least 20A or 3 OA shore. 

[0017] In an alternative exemplary embodiment of the 
invention, the material is a flowable material, for example, 
with a viscosity greater than 100 Pascal-second, 300 Pascal- 
second, 500 Pascal-second, 600 Pascal-second, 800 Pascal- 
second, 1000 Pascal-second or more. Optionally, the mate- 
rial has a viscosity of less than 4,000 Pascal-second, 
optionally less than 1.800 Pascal-second, optionally less 
(ban 1.400 Pascal-second, optionally less than 1.100 Pascal 
second or smaller intermediate or larger values. 

[0018] An aspect of some embodiments of the invention 
relates to the use of materials which do not set to a hardened 
condition for supporting bone. In an exemplary embodiment 
of the invention, the material is injected into a bone. 

[0019] As used herein, the term "setting" is used to define 
materials whose mechanical properties, such as strength 
and/or hardness, increase lor chemical reasons, for example, 
due to polymerization during and/or shortly after implanta- 
tion, e.g., after a few hours, a few days or a few weeks. It 
should be noted that a material which sets to a non-hardened 
condition is a selling material. A pre-set soft material will 
also generally not set to a hardened condition. 

[0020] As used herein the term "hardened condition" is 
used to describe materials that are 50% or more the hardness 
of cortical bone. In some cases it is desirable to compare the 
strength and/or young modulous of the material to cortical 
and/or trabecular bone, in which case, values within 1 10% 
or 120% or 1 30% or intermediate v alues ol'lhe v alues for the 
bone in question bone may be desirable. 

[0021] In an exemplary embodiment of the invention, the 
injected material is selected to have a high viscosity or is a 
soli material which can undergo plastic deformation, for 
example, by the material not tearing during an injection via 
a small diameter tube. Optionally, the material is mechani- 
cally sheared during injection. 

[0022] In an exemplary embodiment of the invention, the 
use of a non-hardening material allow s more flexibility in 
injection methods, due to the relieving of time constraints 
typically involved in using a cement which sets to a hard- 
ened condition, such as PMMA, in which the time between 
mixing and setting and especially the time at a given 
viscosity range, constrains the physician. Optionally, a non- 
hardening material is more convenient to use, as it does not 
require the user to mix the material at the time of use. In an 
exemplary embodiment of the invention, the material is 
provided in a pre-loaded magazine or delivery system. 

[0023] A potential property of using a viscous or soft solid 
material is that there is less danger of leakage out of the 



vertebra. Optionally, various components are added to the 
material, for example, a bone growth factor or a radio- 
opaque material. 

[0024] A potential advantage of some pre-set or non- 
setting materials is that an exothermic setting reaction is 
avoided. 

[0025] In an exemplary embodiment of the invention, the 
injected material is free of cross-linking or includes only 
type I cross-linking. 

[0026] Optionally, the injected material softens over time. 

[0027] In an exemplary embodiment of the invention, the 
material is formulated so that only hardens in the presence 
of water or other materials common in the body but does not 
set or harden outside the body. Thus the material can be 
pre-formulated and mixed and will only set after being 
introduced into the body. Optionally, the material sets alter 
10-30 minutes or longer. 

[0028] An aspect of some embodiments of the invention 
relates to treatment of both' tissues by injecting a non-solid 
or soft-solid material harder than 10A shore. In an exem- 
plary embodiment of the invention, the injected material 
flows into or is forced into an intra-body space to be filled 
thereby. In an exemplary embodiment of the invention, the 
injected material is viscous enough or solid enough so it 
does not inadvertently migrate out of a tissue into which it 
is injected, for example, out of a vertebra. This viscosity 
level used may depend on the size and/or shape of voids 
leading out of the tissue being treated. Optionally, the 
material sets to a hardened condition. Alternatively, the 
material does not. 

[0029] In an exemplary embodiment of the invention, the 
material is provided under a pressure of greater than 40 
atmospheres. 

[0030] An aspect of some embodiments of the invention 
relates to a method of providing a flowable or soft-solid 
material into the body, in discrete units, optionally of pre- 
determined quantities. In an exemplary embodiment of the 
invention, a delivery system with a first quantity of material 
is provided and a user can select a discrete amount of this 
first quantity to be injected. This is in contrast to continuous 
methods in which material is injected until a user stops the 
injection or the material is all used up. Optionally, the 
material to be injected is provided in a magazine from which 
a unit of material can be selected lor injection. Optional!)', 
selection is by cutting the material away from the magazine 

[0031] In an exemplary embodiment of the invention, a 
treatment for a bone is provided by injecting two, three, four 
or more discrete units of material. 

[0032] A potential advantage of working in discrete por- 
tions which are considerably smaller than a total therapeutic 
amount, in some embodiments of the invention, is that a 
friction between the material and a delivery system is 
reduced, as the amount of material advanced at each time is 
reduced. 

[0033] .An aspect of some embodiments of the invention 
relates to using a sleeve for deliv ering material or a device 
implant that have a high friction to a delivery system, to a 
site inside the body. In an exemplary embodiment of the 
invention, the sleeve is designed to reduce friction between 
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the delivered material and a delivery system. Optionally, the 
sleeve is provided inside of a delivery tube. Optionally, force 
is applied directly on the sleeve to deliver the material or 
implant. 

[0034] An aspect of some embodiments of the invention 
relates to a system for delivering material into a bone which 
system is adapted to travel over a guidewire. Optionally, the 
system travels over a guidewire when loaded. Alternatively 
or additionally, the system is loaded after being introduced 
into the body. In an exemplar}' embodiment of the invention, 
the system comprises a distal end adapted to penetrate bone, 
for example vertebral bone. In an exemplary embodiment of 
the invention, the system is adapted to deliver the material 
into a vertebra in a manner which will at least partially 
restore a height of said vertebra. In an exemplary embodi- 
ment of the invention, the material surrounds the guidewire. 

[0035] An aspect of some embodiments of the invention 
relates to a system for delivering material into a bone under 
pressure, the system being adapted to penetrate bone. In an 
exemplary embodiment of the invention, the system com- 
prises a distal tip adapted to penetrate bone. Optionally, an 
aperture is formed near the distal tip for delivering of said 
material. 

[0036] An aspect of some embodiments of the invention 
relates to materials for use in the body for supporting hard 
tissue and which do not set to a hardened condition when in 
storage (e.g., for over 1 hour or over one day or 1 week). In 
an exemplary embodiment of the invention, the material 
comprises polymers without cross-linking or with type I 
cross-linking. Optionally, the composition of the material is 
a mixture of Laurylmethacrylate (LMA) and methyl- 
methacrylate (MMA), for example in a ratio of between 
90:10 and 10:90. Optionally, the material is thermoplastic 
rather than thermosetting. 

[0037] In an exemplary embodiment of the invention, the 
material is a putty-like material. In one example, the mate- 
rial is composed of a mixture of hydroxyapatite and suffi- 
cient sodium alginate, such that the mixture remains putty 
like after time, at least if not in contact with water. 

[0038] In an exemplary embodiment of the invention, the 
material softens over time. Optionally, the material is com- 
posed of MMA and LMA with poly-HEMA added, and 
softens by the absorption of body fluids by the composition. 

[0039] Alternatively or additionally, water soluble mate- 
rials, such as salts or materials which degrade in body lluids. 
such as some sugars and plastics, are added and when they 
degrade, soften the material. 

[0040] In an exemplary embodiment of the invention, the 
material hardens over time, but does not harden completely. 
Optionally, the material includes a solvent, such as NMP 
(N-methyl pyrolidone). which is soluble in vv ater and as it is 
carried away, the material hardens somewhat. 

[0041] Optionally, the actually injected material includes 
one or more added components. Optionally, one or more of 
a radio opaque marker, antibiotic, anti -inflammatory and/or 
bone growth factor, are provided as the added components. 
Optionally, an added component is added by volume of less 
than 30% of the material volume and in total less than 50% 
for all the added components. 



[0042] Optionally, the added materials are chemically 
inert but may hav e a structural effect, for example, due to 
bulk thereof 

[0043] Optionally, non-inert materials are added, for 
example, 5% of a cement which sets to a hardened conditii >n 
may be added. Optionally, such non-inert materials are 
mixed-in at a coarse grain. 

[0044] An aspect of some embodiments of the invention 
relates to using a material which sets to a hardened condi- 
tion, which maintains a high viscosity value during a sub- 
stant ial w indow of time. In an exemplary embodiment of the 
invention, the viscosity is between 600 Pascal-second and 
1,800 Pascal-second during a period of at least 5 or at least 
8 minutes. In an exemplary embodiment of the invention, 
the material is composed of a mixture of PMMA beads 
and/or styrene beads and MMAmonomers, w ith the increase 
in viscosity being provided by the size of the beads of, for 
example, 10-200 microns and/or by changing the ratio 
between beads and liquid MMA monomer. Optionally, as 
setting progresses, viscosity due to the beads is replaced/ 
increased by viscosity due to the polymerization process. 

[0045] An aspect of some embodiments of the invention 
relates to treating compression fractures by heating a com- 
pressed vertebra. Optionally, the heating is provided by a 
stand-alone tool. Optionally, the heating is provided to 
replace heating which is otherwise provided by the setting of 
a cement. Optionally, a thermocouple or other temperature 
sensor is used to control the amount of heating provided. 

[0046] An aspect of some embodiments of the invention 
relates to a method of selecting mechanical properties of an 
implant to match those of a bone, cortical and/or trabecular, 
being treated. In an exemplary embodiment of the invention, 
one or more of hardness, strength and/or Young modulus are 
matched. 

[0047] There is thus provided in accordance with an 
exemplary embodiment of the invention, a method of treat- 
ing a vertebra, comprising: 

[0048] (a) accessing an interior of a vertebra; and 

[0049] (b) introducing a sufficient amount of artificial 
biocompatible material which does not set to a hardened, 
condition in storage, into said bone, with sufficient force to 
move apart fractured portions of said bone. 

[0050] Optionally, said material does not set to a hardened 
condition after introduction into the body. 

[0051] In an exemplary embodiment of the invention, said 
material can be stored for over 1 day. 

[0052] In an exemplar}' embodiment of the invention, said 
material softens after implantation. 

[0053] In an exemplary embodiment of the invention, said 
material partly hardens after implantation. 

[0054] In an exemplar}' embodiment of the invention, said 
material does set to a hardened condition after introduction 
into the body. 

[0055] In an exemplary embodiment < > f the invention, said 
material does not set to a hardened condition in storage. 

[0(156] in an exemplar}' embodiment of the invention, said 
material is artificial. 
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[0057] In an exemplary embodiment of the invention, said 
material is a plastically deforming material. Optionally, said 
material has a hardness of between 10A shore and 100A 
shore. Alternatively or additionally, said material is free of 
cross-linking higher than type I. Alternatively or addition- 
ally, said material is thermoplastic. Alternatively or addi- 
tionally, said material comprises i MA (lauryl methaerylate) 
and MMA (methyl methaerylate). 

[0058] In an exemplar} embodiment of the invention, said 
material is a viscous fluid. Optionally, said material has a 
viscosity between 600 Pascal-second and 1,800 Pascal- 
second. 

[0059] In an exemplary embodiment of the invention, 
introducing comprises introducing at a pressure of at least 40 
atmospheres. 

[0060] In an exemplary embodiment of the invention, 
introducing comprises introducing at a pressure of at least 
100 atmospheres. 

[0061] In an exemplary embodiment of the invention, 
introducing comprises introducing through a delivery chan- 
nel having a diameter of less than 6 nun and a length of at 
least 70 mm. 

[0062] In an exemplary embodiment of the invention, 
introducing comprises introducing through an extrusion 
aperture having a minimum dimension of less than 3 mm. 

[0063] In an exemplary embodiment of the invention, 
introducing comprises introducing through an extrusion 
aperture hav ing a minimum dimension of less than 1 .5 mm. 

[0064] In an exemplary embodiment of the invention, 
introducing comprises introducing through a plurality of 
extrusion apertures simultaneously. 

[0065] In an exemplary embodiment of the invention, 
introducing comprises changing an introduction direction 
during said introduction. 

[0066] In an exemplary embodiment of the invention, 
introducing comprises changing an introduction position 
during said introduction. 

[0067] In an exemplary embodiment of the invention, said 
material comprises at least one material adapted to function 
in a capacity other than structural support. 

[0068] In an exemplary embodiment of the invention, 
introducing comprises advancing said material using a 

[0069] In an exemplary embodiment of the invention, 
introducing comprises advancing said material using a 
hydraulic source. 

[0070] In an exemplary embodiment of the invention, 
introducing comprises introducing said material in discrete 
unit amounts. Optionally, at least some of the units have 
different mechanical properties form each other. 

[0071] In an exemplary embodiment of the invention, 
introducing comprises cutting said material away from a 
delivery system. 

[0072] In an exemplary embodiment of the invention, 
introducing comprises not twisting said material during said 
introducing. 



[0073] In an exemplary embodiment of the invention, 
introducing comprises shaping an extrusion form of said 
material using an exit aperture. 

[0074] In an exemplary embodiment of the invention, 
accessing comprises accessing using a guidewire and pro- 
viding a delivery system over the guidewire. 

[0075] In an exemplary embodiment of the invention, 
accessing comprises accessing using a delivery system of 
said material. 

[0076] In an exemplary embodiment of the invention, 
introducing comprises introducing without a separate void 
forming act. 

[0077] In an exemplary embodiment of the invention, 
introducing comprises introducing without a spatially con- 
straining enclosure. 

[0078] In an exemplary embodiment of the invention, 
introducing comprises introducing in a spatially constrain- 
ing enclosure. 

[0079] In an exemplary embodiment of the invention, 
introducing comprises also introducing at least 10% by 
volume of a material which sets to a hardened condition. 
[0080] In an exemplary embodiment of the invention, the 
method comprises selecting said material to have at least one 
of hardness and Young modulus properties less than those of 
trabecular bone of said vertebra, after a week from said 

[0081] In an exemplary embodiment of the invention, said 
introduced material is operative to support at least 30% of a 
weight of vertebra within a week after implantation. 
[0082] There is also provided in accordance with an 
exemplary embodiment of the invention, a surgical set 
comprising: 

[0083] at least one tool adapted to deliver a material into 
a vertebra; and 

[0084] at least 1 cc of artificial biocompatible prepared 
material that does not set to a hardened condition outside the 
body. ( iptionally. said at least one tool comprises a pressure 
delivery mechanism capable of delivering said material at a 
pressure of above 100 atmospheres. Alternatively or addi- 
tionally, said set comprises a disposable hydraulic actuator. 
Alternatively or additionally, said set comprises a replace- 
able magazine for storing said material. 
[0085] There is also provided in accordance with an 
exemplary embodiment of the invention, a method of treat- 
ing bone, comprising: 

[0086] (a) accessing an interior of a bone; and 

[0087] (b) introducing a sufficient amount of biocompat- 
ible material into said bone, w ithout an enclosure between 
said material and the bone, said introducing being with 
sufficient force to move apart fractured portions of said 
bone. Optionally, the method comprises leaving said mate- 
rial in said bone to resist at least 30% of a normative force 
which urges said portions together. 

[0088] Optionally, said bone is a vertebra. Optionally, said 
material does not set to a hardened condition in storage. 
Alternatively or additionally, said material does not set to a 
hardened condition in the body. 
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[0089] There is also provided in accordance with an 
exemplary embodiment of the invention, a method of treat- 
ing a vertebra, comprising: 

[0090] (a) accessing an interior of a vertebra: and 

[0091] (b) introducing a sufficient amount of spatially 
unconstrained biocompatible soil material ha\ ing a hardness 
of less than 100A Shore into said vertebra, with sufficient 
force to move apart fractured portions of said bone. 

[0092] There is also provided in accordance with an 
exemplary embodiment of the invention, a surgical set 
comprising: 

[0093] at least one tool adapted to deliver a material into 
a vertebra; and 

[0094] at least 1 cc of biocompatible prepared material 
that has a Young modulus of less than 120% of healthy 
vertebral trabecular bone and is prepared at least 1 day ahead 
of time. 

[0095] There is also provided in accordance with an 
exemplary embodiment of the invention, a method of treat- 
ing a bone, comprising: 

[0096] (a) accessing an interior of a bone; and 

[0097] (b) introducing, via a delivery tube, into said bone 
an unconstrained plastically deformable solid material 
harder than 10A shore and softer than 100A shore. 

[0098] There is also provided in accordance with an 
exemplary embodiment of the invention, apparatus for 
delivering a material or an implant into a bone, comprising: 

[0099] (a) a delivery tube having a lumen and a distal end 
adapted for insertion into a body; 

[0100] (b) a payload comprising at least one of material 
and an implant inside said lumen; 

[0101] (c) a lining disposed between said tube and said 
payload; and 

[0102] (d) an advancing mechanism adapted to move said 
liner and said payload to said distal end, 

[0103] wherein said liner reduces a friction of said payload 
against said delivery tube. Optionally, the apparatus com- 
prises a splitter which splits said sleeve. 

[0104] In an exemplary embodiment of the invention, said 
mechanism pulls said sleeve. 

[0105] In an exemplary embodiment of the invention, said 
mechanism pushes said payload. 

[0106] In an exemplary embodiment of the invention, said 
sleeve folds over said delivery tube. 

[0107] There is also provided in accordance with an 
exemplary embodiment of the invention, a biocompatible 
material which does not set to a hardened condition and does 
not include cross-linking of a type greater than type I and 
formed of MMA (methyl methacrylate). Optionally, said 
material is formed of a mixture of MMA and LMA (lauryl 
methacrylate) I here is also provided in accordance with an 
exemplary embodiment of the invention, a second medical 
use of PMMA for height restoration ofvertebral bones when 



applied directly into a vertebra. Optionally, said PMMA is 
applied during setting while at a viscosity higher than 400 
Pascal-second. 

[0108] There is also provided in accordance with an 
exemplary embodiment of the imention, a second medical 
use of bone putty for vertebral treatment when applied under 
pressure through a tubular delivery system into a vertebral 

[0109] There is also provided in accordance with an 
exemplary embodiment of the invention, a polymerizing 
composition, compri sing : 

[0110] (a) a first quantity of beads having a set of sizes; 

[0111] (b) a second quantity of monomer, 

[0112] wherein said quantities are selected so that a mix- 
ture of said quantities results in a setting material ha\ ing a 
workability window of at least 5 minutes at a viscosity 
between 500 and 2000 Pascal-second. 

[0113] There is also provided in accordance with an exem- 
plary embodiment of the invention, a method of treating 
bone, comprising providing a heat source into a vertebra in 
a controlled manner. 

[0114] There is also provided in accordance with an exem- 
plary embodiment of the invention, a composite tool for 
accessing bone, comprising: 
[Oil?] an elongate body ha\ing: 
[0116] (a) a head adapted to penetrate bone; 

[0117] (b) an aperture adapted to extrude material into 
bone, near said head; and 

[0118] (c) a lumen adapted to deliver material to said 
aperture; and 

[0119] a source of material under pressure. Optionally, the 
tool comprises a lumen for a guidewire. 
[0120] There is also provided in accordance with an 
exemplary embodiment of the invention, a composite tool 
for accessing bone comprising: 

[0121] a drill tool including a lumen; 

[0122] a separable guidewire adapted to fit in said lumen; 

and 

[0123] a handle adapted to control the relative positions of 
said drill tool and said guidewire. 

BRIEF DESCRIPTION OF THE FIGURES 

[0124] Exemplary non-limiting embodiments of the 
imention will be described with reference to the following 
description of embodiment-, in conjunction with the figures. 
Identical structures, elements or parts which appear in more 
than one figure are generally labeled with a same or similar 
number in all the figures in which they appear, in which: 

[0125] FIG. 1A is a general flowchart of a process of 
treating a compression fracture, in accordance with an 
exemplar.' embodiment of the imention: 

[0126] FIG. IB is a more detailed flowchart of a process 
of treating a compression fracture, in accordance with an 
exemplary embodiment of the invention; 
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[0127] FIG. 2 shows a composite tool for accessing a 
vertebra, in accordance with an exemplary embodiment of 
the invention; 

[0128] FIGS. 3A-3F show stages of a method of treatment 
according to FIGS. 1A and IB, in an exemplary implemen- 
tation of the method; 

[0129] FIGS. 4A and 4B illustrate basic material delivery 
systems, in accordance with exemplary embodiments of the 
invention; 

[0130] FIGS. 5A and 5B show details of material extruder 
tips, in accordance with exemplary embodiments of the 
invention; 

[0131] FIGS. 5C shows an elongated and curved extru- 
sion of material, in accordance with an exemplary embodi- 
ment of the invention; 

[0132] FIGS. 6A-6C illustrate narrowing lumen sections 
of a delivery system, in accordance with an exemplary 
embodiment of the invention; 

[0133] FIG. 7A illustrates a hydraulic delivery system, in 
accordance w ith an exemplar)' embodiment of the invention; 

[0134] FIGS. 7B and 7C show alternative methods of 
providing hydraulic power to the system of FIG. 7A, in 
accordance with exemplary embodiments of the invention; 

[0135] FIGS. 7D and 7E illustrate an exemplary hydrau- 
lic system including a disposable unit, in accordance w itb an 

[0136] FIG. 8A shows a cassette based delivery system, in 
accordance with an exemplary embodiment of the invention; 

[0137] FIG. 8B is a detail showing the delivery of unit 
element, in accordance with an exemplary embodiment of 
the invention; 

[0138] FIGS. 9A and 9B show a material pusher with 
reduced material twisting, in accordance with an exemplary 
embodiment of the invention; 

[0139] FIGS. 10A-10F show sleeve based material push- 
ers, in accordance with exemplary embodiments of the 

[0140] FIGS. 11A and 11B show squeeze based delivery 
systems, in accordance with exemplary embodiments of the 

[0141] FIGS. 12A and 12B illustrate a one step access and 
delivery system, in accordance with an exemplary embodi- 
ment of the invention; 

[0142] FIG. 12C shows an over-the-wire delivery system, 
in accordance with an exemplary embodiment of the inven- 
tion; and 

[0143] FIG. 13 is a graph showing compressibility of a 
material in accordance with an exemplary embodiment of 
the invention. 



DETAILED DESCRIPTION OF EXEMPLARY 
EMBODIMENTS 

Overview of Exemplary Process 

[0144] FIG. 1A is a general flowchart 100 of a process of 
treating a compression fracture, in accordance with an 
exemplary embodiment of the invention. 

[0145] At 102, a bone to be treated is identified. In the case 
of a vertebra, this usually involves X-ray or CT images to 
identify a vertebra or other bone that is fractured, for 
example by a compression fracture. The following descrip- 
tion focuses on vertebral compression fractures but some 
embodiments of the invention are not limited to such cases. 

[0146] In an exemplary embodiment of the invention, the 
access is minimally imasive. for example, only a single 
channel is formed into the body. Optionally, the procedure is 
carried out \ ia a cannula ha\ ing a diameter of. for example 
of 5 mm, 4 nun or less in diameter is inserted into the body. 
In some cases, multiple openings into the body are formed. 
The procedure can also be carried out using a surgical or 
key-hole incision, however, this may require a longer recu- 
peration period by the patient. Optionally, the cannula (and 
corresponding length of a delivery tube described below) is 
at least 50 mm, 70mm, 100 mm or more or intermediate or 
smaller values. 

[0147] At 104, the vertebra is accessed. 

[0148] At 1(16. a material. ha\ ing a high \ iscosity in some 
embodiments of the invention, is injected into the vertebra. 

[0149] At 108, material is optionally provided in a manner 
and/or amount which restores at least part of the height of 
the vertebra, for example, 20%, 40%, 50% or intermediate 
or a higher percentage of a pre-compression height. A 
particular feature of some embodiments of the invention is 
that the provided material is of sufficient viscosity or suffi- 
ciently solid that leakage from the vertebra is reduced or 
prevented, as compared to liquid PMM\ cement. A pressure 
used to advance the material may be higher than what is 
known in the art to match the increased viscosity. 

[0150] At 110, the procedure is completed and the tube is 
removed. 

Exemplary Bone Access Set 

[0151] Before going into the details of the procedure, the 
tools used are first described. FIG. 2 shows a composite tool 
200 optionally used for accessing the bone, in accordance 
with an exemplary embodiment of the invention. In an 
exemplary embodiment of the invention, the access tools 
used comprise a set of component tools that interlock to act, 
selectively, as a single tool or as separate tools. In an 
exemplary embodiment of the invention, this composite 
set/tool serves as a one step access system in which only a 
single insertion of objects into the body is required. Option- 
ally, as described below, the delivery system is also inserted 
at the same time. Optionally, a cannula portion of the tool is 
omitted, for example as described in the embodiments of 
FIGS. 12A-12C 

[0152] In an exemplary embodiment of the invention, the 
components of tool 200 are coaxially matched components, 
which fit one within the lumen of the next. 
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[0153] An optional cannula 202 comprises a handle 204 
and a body including a lumen. 

[0154] An optional drill tool 206 includes an elongate 
body adapted for drilling and a handle 208. Optionally, 
handle 208 selectively rotationally locks to handle 204, for 
manipulation using a single hand. oplionalK using a snap- 
lock 217. The body of tool 206 fits in the lumen of cannula 
202. Optionally, a section 210 of tool 206 is marked to be 
visible on an x-ray image, even in contrast to cannula 202. 
Optionally, this allows the diHerenee in diameters between 
cannula 202 and drill tool 206 to be minimal. Absent such 
a marker, in some cases, the difference in diameters may not 
be visible on an x-ray image and the two tools cannot be 
distinguished. 

[0155] An optional guidewire 212 is provided inside a 
lumen of drill tool 206. Optionally, a knob or other control 
214 is provided for selective advancing and/or retracting of 
guidew ire 2 1 2 relative to drill 216. The knob may be marked 
with relative or absolute positions. 

[0156] Optional depth marking are provided on cannula 
202. 

[0157] An exemplary use of these tools will be described 
below, in which FIGS. 3A-3F schematically show the 
progress as a vertebra 300 having a compression fracture 
306 is being treated, paralleling a detailed flowchart 120 
shown in FIG. IB. 

Penetrate to Bone 

[0158] At 122 (FIG. IB), a passage is formed to the bone 
through a skin layer 312 and intervening tissue, such as 
muscle and fat. Optionally, the passage is formed by advanc- 
ing composite tool/set 200 until a tip 218 of guidewire 212 
contacts the bone. In some embodiments, tip 218 is designed 
to drill in soft tissue (e.g., includes a cutting edge). Alter- 
natively or additionally, tip 218 includes a puncturing point 
adapted to form a puncture in soft tissue. 

[0159] This is shown in FIG. 3A. Also shown are cortical 
plates 302 and 304 of the vertebra and a cancellous bone 
interior 308. 

[0160] A single pedicle 310 is shown, due to the view 
being cross-sectional. Optionally, the access to the vertebra 
is via a pedicle. Optionally, the aeeess is via both pedicles. 
Optionally, an extrapedieular approach is used. OplionalK'. 
the aeeess point or points are selected to assist in an even 
lifting of the vertebra. 

Penetrate Bone 

[0161] At 124, tip 218 penetrates through the cortex of the 
bone being treated (FIG. 3B). In an exemplary embodiment 
of the invention, tip 218 is separately manipulated from the 
rest of composite tool 200. Optionally, tip 218 is advanced 
until it contacts a far side of the vertebra. 

[0162] In an exemplary embodiment of the invention, tip 
218 of guidewire 212 is formed to drill in bone and is 
advanced through the vertebral cortex by rotation or vibra- 
tion. Optionally, it is advanced by tapping thereon or apply- 
ing pressure thereto. 

[0163] ( )ptionally. a relalK e position of the guides ire and 
the cannula is noted, to assist in determining the inner extent 
of the vertebra. 



[0164] At 126, the guidewire is optionally retracted. 
Optionally, the guides ire is axially locked to drill tool 206. 
( )ptionally. guidewire 212 and drill tool 206 align so that tip 
218 and a tip 216 of the drill tool form a single drilling tip. 

[0165] At 128, drill tool 206 is advanced into the bone 
(FIG. 3C). Optionally, tip 216 of drill tool 206 designed for 
drilling and/or is advanced, for example, by tapping, rotation 
and/or vibration. Optionally, the drill tool is advanced to the 
far side of the vertebra. Optionally, the previous depth 
marking of the guidewire is used to limit this advance. 
OplionalK'. the guidewire is not retracted at 126. Instead, 
drill tool 206 is advanced over the guidewire until it reaches 
the end of the guidewire. 

[0166] At 130, cannula 202 is optionally advanced to the 
bone over the drill. Optionally, the leading edge of the 
cannula is threaded or otherwise adapted to engage the bone 
at or about the bore formed by the drill tool. Optionally, the 
cannula is inserted into the bone. 

[0167] At 132, the guidewire and/or drill tool are option- 
ally removed (FIG. 3D). 

[0168] In some embodiments, the cannula is not advanced 
all the way to the bone. In others, the cannula may be 
advanced into the bone, for example, to prevent contact 
between the treatment and cortical bone and/or weak or 
fractured bone. OplionalK'. the cannula is advanced past the 
pedicle and to the vertebral interior 308. 

[0169] Optionally, a reamer (not shown) is inserted into 
the cannula and used to remove tissue from interior 308. 

Inject Material 

[0170] At 134, a material delivery system 314 is provided 
into cannula 202 (shown in FIG. 3E). Optionally, the 
delivery system delivers material to a side thereof (described 
below). 

[0171] At 136, system 134 is activated to inject material 
316 into interior 308. FIG. 3E shows that when enough 
material is injected, vertebral height may be partially or 
completely restored. The injected material may partially or 
completely compress interior 308. 

Feedback 

[0172] At 138, feedback is optionally provided to an 
operator, to decide if injection is completed. Optional!)., 
feedback is provided by fluoroscopic imaging of the site. 
However, other imaging methods may be used. 

[0173] Optionally, non-imaging feedback is provided, for 
example a pressure inside the vertebra, using a pressure 
sensor (not shown), or using an indicator (visual or audio) 
for the amount of material injected. 

[0174] Optionally, the feedback is used to decide if the 
procedure is progressing as desired, e.g.. desired amount of 
height restoration (if am ). verify a lack of material leakage, 
determine symmetry or asymmetry and/or the presence of 
new fractures in bone. 

Repeat and/or Change 

[0175] Optionally, the material is provided in a magazine 
having a fixed amount (described below), If that magazine 
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is finished and additional material is required, a refill may be 
provided (140), for example by replacing ihc magazine with 

[0176] Optionally, a property of the delivery of material is 
changed, for example one or more of a delivery pressure, a 
deliver}' rale, an amount of delivery when deliver}' is in 
discrete units, a viscosity, composition and/or type of the 
delivered material, a pre-heating or pre-cooling of the mate- 
rial, a location of provision inside the vertebra, a spatial 
pattern of provision and/or a direction of provision in the 
vertebra. 

[0177] Optionally, the direction of provision of the mate- 
rial is changed (142), for example, to assist in maintaining 
symmetry of lifting or to point in the injection of material 
away from a fracture or towards an empty space. Optionally, 
the direction of provision is changed by rotating delivery 
system 314. Alternative!}' or additionally, injection is con- 
tinued through a new access hole in the vertebra. Optionally, 
the cannula is moved axially. 

[0178] Optionally, a different material is used to top off the 
procedure, for example, a cement which sets to a hardened 
condition (e.g., PMMA) is used to seal the entry hole and/or 
stiffen the non-hardening material (144). 

Complete Procedure 

[0179] At 146, the tools are removed. FIG. 3F shows 
vertebra 300 after the procedure is completed. Optionally, 
the entry incision is sealed, for example, using tissue glue or 

Exemplary Basic Delivery System 

[0180] FIGS. 4A and 4B illustrate basic delivery systems, 
in accordance with exemplary embodiments of the invention 

[0181] FIG. 4A is a cross-sectional view of a delivery 
system 400, comprising generally of a delivery tube 402 
having one or more extrusion apertures 404. Optionally, the 
distal end of tube 402 is sealed. Alternatively it may be at 
least partially open, so forward injection of material is 
provided. It is noted that when the end is sealed, there may 
be less force acting to retract the delivery system from the 
vertebra. Material inside tube 402 is advanced by a threaded 
pusher 406. 

[0182] In the design shown, tube 402 is attached to a barrel 
408 with a permanent or temporary attachment method. 
Threading (not shown) may be provided inside of barrel 408, 
to match the threading on pusher 406. Alternatively (not 
shown), the inner diameter of barrel 408 is greater than that 
of tube 402. Optionally, barrel 408 and/or tube 402 serve as 
a reservoir of material. 

[0183] A body 410 which acts as a nut and includes an 
inner threading engages pusher 406. In an exemplary 
embodiment of the invention, when a handle 412 of pusher 
402 is rotated (while holding on to body/nut 410), pusher 
406 is advanced, injecting material out of apertures 404 into 
the body. Optionally, barrel 408 is detachable from body 
410, for example, for replacing barrel 408 with a material- 
filled barrel, when one barrel is emptied. The coupling can 
be. for example, a threading or a quick connect, lor example, 
a rotate-snap fit. Optionally, tube 402 is detachable from 
barrel 408, for example using the same type of coupling. 



[0184] In an exemplar}' embodiment of the invention, 
when the distal tip of pusher 406 goes past apertures 404 (in 
embodiments where it is that long), the passage cuts the 
material in front of the pusher away from the material 
exiting the aperture, releasing the exiting material from the 
delivery system. 

[0185] FIG. 4B shows an alternative embodiment of a 
delivery system, 420, in which a different design of apertures 
424 is used. In the embodiment, a delivery tube 422 serves 
as a barrel and storage for the material and is optionally 
detachable from a threaded nut body 430. Optionally, tube 
422 is long enough to include an amount of material 
sullieient for injection, for example. 8-10 cc. Optionally, 
body 430 includes a pistol or other grip (not shown) and. as 
above, may be threaded to engage a pusher 426. 

[0186] In an exemplary embodiment of the invention, the 
deliver}' system is made of metal, for example, stainless 
steel. Alternatively or additionally, at least some of the 
components are made of a polymer material, for example. 
PEEK, PTFE, Nylon and/or polypropylene. Optionally, one 
or more components are formed of coated metal, for 
example, a coating with Teflon to reduce friction. 

[0187] In an exemplary embodiment of the invention, the 
threading of the pusher is made of Nitronic 60 (Aramco) or 
Gall-Tough (Carpenter) stainless steels. 

[0188] In an exemplary embodiment of the invention, 
instead of a standard threading, a ball screw is used. Option- 
ally, the use of a ball screw increases energy efficiency and 
makes operation easier for manual systems as shown in 
FIGS. 4A and 4B. Optionally, a gasket is provided to 
separate the balls from the material. 

[0189] In an exemplary embodiment of the invention, the 
delivered material is provided as an elongate sausage with a 
diameter similar to that of the deliver}' tube and/or aper- 
ture! s). Optionally, a long delivery tube is provided. Alter- 
natively, a plurality of such strings/sausages are implanted. 
Optionally, the material is provided in a diameter smaller 
than that of the deliver}' tube, lor example. 0.1-0.01 nun 
smaller so that there is reduced friction. 

Exemplary Extrusion Details 

[0190] Referring back to FIG. 4A, it is noted that the more 
proximal extrusion aperture 404 is optionally smaller than 
the more distal one. Optionally, the relative sizes are selected 
so that the extrusion rate and/or forces at the two holes is the 
same. Alternatively, the holes are designed so that the rates 
and/or forces are different. Referring to FIG. 4B, three 
axially spaced apertures may be provided and the profile of 
extrusion can be that a greatest extrusion and/or force is 
applied at the middle hole. 

[0191] In an exemplar}' embodiment of the invention, the 
sizes of apertures are selected so that the total amount of 
material ejected is as desired, taking into account the pos- 
sible sealing of some of the apertures by the advance of the 

[0192] In an exemplary embodiment of the invention, the 
apertures are designed so that the extruded material is 
ejected perpendicular to the deliver}' system. Optionally, the 
deliver} system is shaped so that the ejection is at an angle, 
for example, an angle in (he plane of the axis and/or an angle 
in a plane perpendicular to the axis. Optionall}'. the angle is 
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selected to offset forces which tend to push the delivery 
system out of the vertebra. Alternatively or additionally, the 
angle is selected to match a desired lifting direction of the 
vertebra or, for example, to prevent direct lifting by the 
extruded material. ( )plionally. the deli\ cry system is inserted 
at a desired angle into the vertebra. Optionally, the angles of 
different apertures, for example, apertures on opposite sides 
of the delivery tube, are different, for example, defining a 
1 80 degree angle between the apertures on opposite sides or 
a more acute (towards the proximal side) or oblique angle. 
In an exemplary embodiment ol'the invention, the extrusion 
angle is 30 degrees, 45 degrees, 60 degrees, 80 degrees or 
smaller, intermediate or larger angles to the tube axis. 
Optionally, the material is extruded with a bend radius of 1 
mm, 2 mm, 3 mm, 4 mm, 5 mm, 10 mn I 1 I 
smaller or larger radii. 

[0193] The radial arrangement of the extrusion apertures 
can be of various designs. In one example, for example to 
ensure even filling of space 308, three, four or more axial 
rows of apertures are provided. Each row can have, for 
example, one, two, three or more apertures. In another 
example, apertures are provided only on opposing sides, so 
that, for example, a user can select if to extrude towards 
conical plates 302 and/or 304, or not. 

[0194] Rather than rows, a staggered arrangement may be 
used. One possible ad\ antage for a staggered arrangement is 
that the delivery tube may be overly weakened by aligned 
rows of apertures. 

[0195] FIG. 5A shows a design of a delivery tip 500 in 
which round apertures 502 in a staggered row design are 
used. FIG. 5B shows a design of a delivery tip 510 in which 
elongated rectangular apertures 512 are arranged in a non- 
staggered manner. 

[0196] As shown, the shape of the apertures can be vari- 
ous, lor example, round, ellipsoid, rectangular, axially sym- 
metric or asymmetric, parallel to the tube axis or not and/or 
elongate. Optionally, the edges of the apertures are jagged. 
( )ptionally. the shape of the apertures is selected for one or 
more ol'the following reasons: shape of extrusion, prevent- 
ing failure of the aperture and/or preventing failure of the 
delivery tip. Optionally, the apertures have a lip (optionally 
pointing inwards), which may assist in shaping the extru- 
sion. For example, the lip may be between 0.1 and 1 mm in 
width, for example, 0.3 mm or 0.5 mm. 

[0197] In an exemplary embodiment of the invention, the 
delivery tube is rigid. Optionally, the delivery tube is flexible 
or is mechanically shaped (e.g.. using a vise) before inser- 
tion. In an exemplary embodiment of the invention, the 
cannula is flexible and allows the insertion of a delivery tube 
which is curved at its end. 

[0198] In an exemplary embodiment of the invention, the 
type of delivery tip used is selected by a user. Optionally, the 
delivery tip is replaceable, for example attached by a thread- 
ing to the delivery system. 

[0199] Optionally, an overtube or ring is selectively pro- 
vided over part of the delivery system to selectively block 
one or more of the apertures. 

[0200] Referring briefly to FIG. 7A, a delivery tip 702 is 
shown, in which a guiding incline 706 is provided to guide 
the elected material out of an aperture 704. Optionally, the 



use of such an incline reduces turbulence in the flow/ 
distortion of the material and/or may assist in reducing 
friction and/or improving control over the shape of the 
extrusion. Also to be noted is that material extrusion is 
provided on only one side of the delivery system. This may 
allow better control over the force vectors inside the verte- 
bra, caused by the extrusion. In an exemplary embodiment 
of the invention, the angles defined by the guiding incline 
(90 degrees and in the plane of the tube axis) help determine 
the extrusion direction. 

[0201] Also shown in FIG. 7A is a non-twisting pusher 
708, which may reduce turbulence, friction and/or other 
difficulties in extruding the material, such as voids. 
[0202] FIG. 5C shows a delivery tip 520, from which a 
material 526 is extruded by a pusher 528 in a curved 
extrusion shape 522. In an exemplary embodiment of the 
invention, the curvature is controlled by controlling the 
relative friction on a proximal side 532 and on a distal side 
530 of an aperture 524. Alternatively or additionally, the 
degree of curvature depends on the size of the aperture and 
the shape of the incline. Optionally, the material is plasti- 
cally deformed by the extrusion and may maintain a shape 
conferred thereby barring contact with a deforming surface 
(e.g., a bone plate). 

[0203] Alternatively or additionally, extrusion 522 can be 
curved or bent due to axial or rotational motion of tip 520. 
Optionally, the rotation is used to more uniformly fill space 
308. 

[0204] In an exemplary embodiment of the invention, the 
delivery tube moves and/or rotates during delivery. Option- 
ally, a gear mechanism couples mo\ ement ol'the pusher w ith 
rotation and/or axial motion of the tube. Optionally, a 
manual motion is provided by an operator. Optionally, a 
vibrator is coupled to the delivery system. 
[0205] One consideration mentioned above, is that the 
amount of material in barrel 408 may not be sufficient for a 
complete procedure. A matching design is illustrated in FIG. 
6A, in which the diameter of an inner lumen 602 of barrel 
408 is the same as the diameter of an inner lumen 604 of 
delivery tube 402. A longer delivery tube/barrel maybe 
required to reduce the number of barrel changes. 
[0206] FIG. 6B shows an alternative design, in which a 
barrel 408' has a lumen 606 w ith a greater inner diameter and 
thus a greater storage volume. Optionally, the greater diam- 
eter pro\ ides an additional hydraulic amplification factor as 
the diameter changes. Optionally, a sudden change in diam- 
eter may cause turbulence, resistance and/or void creation. 
In some materials, diameter change requires compression of 
the material. Optionally, as shown, a gradual change in 
diameter is provided, with an intermediate sloped section 
608 with an inner diameter varying between the diameters o f 
lumen 606 and 604. Optionally, the pusher has a diameter 
matching lumen 606 and does not fit into lumen 604. 
Optionally, an extension is provided to the pusher, which 
extension does fit in lumen 604. 

[0207] Referring to FIG. 6C. a gradually changing lumen 
610 is provided in a barrel 408". Optionally, the distal end 
of the pusher is made of a flexible material, which can 
conform to the change in diameter. Optionally, the flexible 
material is harder than the injected material. Alternatively or 
additionally, the distal end of the pusher is shaped to match 
the geometry of lumen 610. 
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[0208] In an exemplary embodiment of the invention, ihe 
lumen of the barrel is larger than the diameter of the pusher, 
at least in a proximal section of the barrel. After the pusher 
advances an amount of material into the bone, the pusher is 
retracted and the material remaining in the barrel is rear- 
ranged so that the next advance of the pusher will advance 
it. Optionally, the rearranging is by advancing a second 
plunger having a diameter similar to that of the barrel. 
Optionally, this plunger is coaxial with the pusher. 

[0209] The delivery tube may have various cross-sectional 
shapes, lor example, circular, rectangular, arcuate and/or 
square. Optionally, the cross-section is matched to the shape 
of extrusion apertures. Optionally, the inside of the apertures 
is made sharp to cut the extruded material as it is advanced, 
instead of or in addition to plastically deforming or shearing 
it. 

Exemplary Viscosity/Plasticity and Pressure 

[0210] In an exemplary embodiment of the invention, the 
provided material has a viscosity of above 600 Pascal- 
second. Optionally, the material is advanced into the body 
using a pressure of at least 40 atmospheres or higher, for 
example. 100 or 200 atmospheres or more. If the material is 
plastic, it may hav e a hardness, for example, of between 10A 
shore and 100 A shore. 

[0211] In an exemplary embodiment of the invention, 
pressure requirements are relaxed at a beginning of a pro- 
cedure, for example, if a void is created by bone access or 
by rotation of the delivery system. 

[0212] In an exemplary embodiment of the invention, the 
outer diameter of the delivery system is, for example, 2 mm, 
3 mm, 4 mm, 5 mm or intermediate or smaller or larger 
diameters. Optionally, the wall thickness of the delivery 
system is 0.2 or 0.3 mm. Optionally, the wall thickness 
increases towards the distal tip. 

[0213] It should be noted that the pressure used for deliv- 
ery may depend on one or more of: the friction between the 
material and the delivery system, the length of material 
being pushed, the pressure applied to the material, the 
pressure desired to be applied by the material to the vertebra, 
the manner in which the extrusion applies pressure against 
the vertebra, the v iscosity of the material and or other causes 

[0214] Lower pressures may be used, for example, if it is 
deemed that the vertebra may be damaged or material 
leakage possible. 

[0215] The volume injected may be, for example, 2-4 cc 
for a typical vertebra and as high as 8-12 cc or higher. Other 
volumes may be appropriate, depending for example, on the 
volume of space 308 and the desired effect of the injection. 

[0216] In an exemplary embodiment of the invention, the 
rate of injection is 0.25 cc/sec. Higher or lower rates may be 
provided, for example, between 25 cc/sec and 0.1 cc/sec or 
less, and between 25 cc/sec and 1 cc/sec ormore. Optionally, 
the rate is controlled using electronic or mechanical cir- 
cuitry. Optionally, the rate is decided by an operator respon- 
sive to expected or imaged bone deformation in response to 
the pressure. Optionally, the rale is changed over the length 
of the procedure, for example, being higher at a beginning 
and lower at an end. Optionally, the rate of injection is 



controlled by the operator (or automatically) responsive to a 
feedback mechanism, such as fluoroscopy. 

Hydraulic Material Provision System 

[0217] FIG. 7A shows a delivery system 700 which is 
powered hydraulically. A delivery tube 710 is filled with 
material to be ejected into the body. Tube 710 is optionally 
detachable via a connection 712 to a body 714. Optionally, 
the connection is by threading. Alternatively, a fast connec- 
tion method, such as a snap connection, is used. 
[0218] Body 714 converts hydraulic pressure provided via 
an input port 716 into an advance of a pusher rod 708. 
Optionally, body 714 is integral with tube 710, but this 
prevents replacing tube 710 when the material to be ejected 
is exhausted. 

[0219] In an exemplary embodiment of the invention, 
incoming hydraulic (or pneumatic) fluid pushes against a 
piston 718, which advances pusher 708 directly. Optionally, 
a hydraulic advantage is provided by the ratios of the piston 
and the pusher. Optionally, a spring 720 is provided for 
retracting pusher 708 when the fluid pressure is released. 
[0220] Optionally, one or more spacers 722 are provided 
surrounding pusher 708, to prevent buckling thereof Option- 
ally, the spacers are mounted on spring 720. Optionally, 
spacers are provided at several axial locations. Alternatively 
to spacers, fins may extend from pusher 708 to body 714. 

[0221] Optionally, in use, when material is used up, pres- 
sure is reduced, pusher 708 retracts and delivery tube 710 is 
replaced. Optionally, a barrel filled with material for injec- 
tion, separate from tube 710 is provided, so that tip 702 does 
not need to be removed from the body. 
[0222] FIGS. 7B and 7C show two alternative methods of 
providing hydraulic power. In FIG. 7B, a foot pedal pump 
740 is used, in which a user places his foot on a pedal 744 
and depresses it against a plate 742. Various foot pumps are 
known in the art. Optionally, a long press releases the 
pressure. Optionally, the hydraulic subsystem is a sealed 
system which is provided ready to use (e.g.. including lluid ) 
to the user and/or distributor. Exemplary lengths of the 
flexible tubing are between 0.2 and 3 meters, for example, 
between 1 and 2 meters. However, greater lengths can be 
used as well. 

[0223] Also shown in FIG. 7B is a variant of body 714, 
indicated as 714'. Instead of a single spring 720, two springs 
720' are shown, with the spacer(s) between the springs. 
Optionally, the use of multiple springs helps maintain the 
spacers near a middle (or other relative length unit) of the 
pusher in danger of buckling. 

[0224] FIG. 7C shows an alternative embodiment, in 
which a hand pump 760 is used, which pump can be of any 
type known in the art, for example, a mechanism 762 
comprising a piston 764 and a cylinder 766. Optionally, the 
pumping is by rotating piston 764 elative to cylinder 766, 
which components include matching threading. Alterna- 
tively, linear motion is used. Optionally, a hydraulic gain is 
aehiev ed betw ecu the pump and the deliver}' mechanism, lor 
example a gain of 1 :3. 1:5. 1 : 1 0 or any smaller, intermediate 
or greater gain. 

[0225] in an exemplar)' embodiment of the invention, the 
hydraulic system is provided as a disposable unit, with a 
non-disposable (or a disposable) foot pump. 
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[0226] FIG. 7D shows a disposable mixing and storage 
chamber 770 and FIG. 7E shows a reusable pump 750 with 
a disposable hydraulic capsule 754. 

[0227] Referring to FIG. 7D, a same capsule 770 is 
optionally used both for mixing and for storage/delivery of 
a material. Optionally, the material is a setting cement such 
as PMMA. In the embodiment of a hydraulic delivery 
stream, a flexible tube 772 is optionally permanently con- 
nected to a pump (FIG. 7E). When fluid is provided through 
lube 772. a piston 774 moves through a cylinder volume 776 
and pushes the material out (e.g., and into a delivery 
system). In the figure, the capsule is shown loaded with a 
mixer 778. Optionally, materials are provided into volume 
776 using a detachable funnel (not shown) and then the 
funnel is removed and mixer 778 inserted instead. In the 
exemplary mixer shown, a cap 782 covers cylinder 776. 
When mixing is completed, this cap may be replaced by a 
lining adapted to couple to the delivery tube. 

[0228] In use, a handle 780 is rotated, rotating a shaft 786 
having a rotor 788 defined thereof, lor example, as a helix. 
An optional stator 789 is provided. An optional vent 784 
may be connected to a vacuum source, to suck out toxic 
and/or bad smelling fumes caused by the setting of the 
material. Optionally, a \ iscosily of the materials is estimated 
by the dillicully in turning the handle. ( Iptionally. the handle 
includes a clutch (not shown) that skips when a desired 
viscosity is reached. Optionally, the clutch is settable. 
Optionally, a viscosity meter is used or viscosity is estimated 
based on temperature, formulation and time from mixing. 

[0229] Cap 782 optionally includes a squeegee or other 
wiper, to wipe material off of mixer 778 when it is removed 
from capsule 770. 

[0230] Referring to FIG. 7E, tube 772 connects to a 
capsule 754 which includes a piston 798 and a volume 797, 
pre-filled with fluid. In an exemplary embodiment of the 
invention, a frame 756 is provided attached to pump 750 for 
selectively receiving capsule 754. 

[0231] Pump 750 is, for example, a hydraulic oil based 
pump-mechanism 752 that extends a pushing rod 795 which 
advances piston 798. 

[0232] In the embodiment shown, a foot pedal 758, 
attached to an axis 791, forces a piston 755 into a cylinder 
792. A one way valve 794 allows the fluid in cylinder 792 
to flow into a volume 749 where it pushes against a piston 
757. When pedal 758 is released, a spring (not shown) pulls 
it back to an upward position and allows a hydraulic fluid to 
flow from a storage chamber 759 (e.g., which surrounds the 
pump) through a one way valve 793 into cylinder 792. 

[0233] A pressure relief valve 751 is optionally provided 
to prevent over pressurizing of cylinder 749. In an exem- 
plary embodiment of the invention, a spring 796 is provided 
to push back piston 757 and pusher 795 with it, when 
pressure is released. Optionally, pressure is released using a 
bypass valve 753, which is manually operated. Once pusher 
rod 795 is retracted, capsule 740 is optionally removed. 

Unit Material Provision System 

[0234] FIG. 8A shows a delivery system 800 in which 
material is provided as discrete units, each of which is of 
relatively small volume, for example, M>, %, Vi, Vo or less of 
the amount required for treatment. One potential advantage 



of working in units is that an operator is more aware of the 
effect of his/her actions as each action can only inject one 
unit. Another potential advantage of working in units is that 
units with different material properties may be provided 
during a procedure. Another potential advantage is that units 
being small will generally exhibit a smaller friction with the 
delivery system. 

[0235] System 800 comprises a delivery tube 802 having 
one or more extrusion apertures 804 at its tip. A barrel 808 
on which tube 802 is mounted, also includes an optional 
maga/ine 820, described below. Abody 818 with an optional 
nut threading is optionally attached to barrel 808. A pusher 
810 lies within delivery tube 802 and/or barrel 808. 

[0236] In an exemplary embodiment of the invention, a 
handle 812 is provided which includes a battery powered 
mechanism for advancing pusher 810. A hydraulic mecha- 
nism such as described above may be used instead. Option- 
ally, one or more switches are provided, for example, an 
on off switch 816 and a direction switch 814. Optionally, 
when pusher 810 completes its forward motion, it is auto- 
matically retracted. Optionally, only a single switch is 
needed, activation of which causes extrusion of one unit. In 
an exemplary embodiment of the invention, handle 812 is 
rotationally locked to body 818, for example using one or 
more guide pins. 

[0237] In an exemplary embodiment of the invention, 
handle 812 comprises a motor and a battery that rotate 
pusher 810. An alternative mechanism is described below. 

[0238] Referring to magazine 820, in an exemplar) 
embodiment of the invention, the maga/ine comprises dis- 
crete units 822 of material (a unit 824 is shown inside tube 
802). Optionally, a spring 826 is used to push the units 
towards tube 802. Optionally, the magazine is filled with a 
contiguous mass of material and the units are defined by the 
cutting action caused by pusher 810 pushing a unit of 
material away from the magazine. 

[0239] In an exemplary embodiment of the invention, a 
maga/ine is prepared ahead of time, for example, by a 
manufacturer, who tills the maga/ine with a non-setting 
material. 

[0240] In an exemplary embodiment of the invention, the 
magazine is loaded with a series of units of different 
properties, for example, responsive to an expected progress 
of a procedure, for example, first providing a soft material 
and then providing a harder material, or vice versa. Alter- 
natively, a rotating maga/ine is used, in which a user can 
select which of several compartments will load barrel 808 
next. This allows fine control over the injected material. In 
an exemplary embodiment of the invention, an operator can 
remove maga/ine 820 at any time and replace it with a 
di Herein maga/ine. ( Iptionally. this is done while pusher 810 
is forward, so that there is no danger of backflow from the 

[0241] Optionally, one or more of the units comprises or 
is an implant device (rather than an amorphous and/or 
homogenous mass), for example, an expanding implant or 
an implant whose geometry does not change. Optionally, 
one or more of the units comprises a cross-linked material. 

[(1242] in an exemplary embodiment of the invention, the 
delivery system used comprises two or more delivery tubes 



US 2006/0079905 Al 



12 



Apr. 13, 2006 



foplionally the combined geometry has a cross-section of a 
circle or of a figure eight). Optionally, each tube has a 
separate pusher mechanism and/or a separate material 
source (e.g.. a magazine). ( (pfionally, the two tubes are used 
simultaneously. Optionally, an operator can selectively use 
one tube. Optionally, the materials provided in each tube are 
components that react chemically one with another. Option- 
ally, electronic control is provided to control the relative 
provision rates of the two tubes. Optionally, this allows 
control over the linal material properties. Optionally, the use 
of two or more tubes allows a layered structure to be built 
up in the body. Optionally, one of the tubes delivers a setting 
material and the other tube delivers a non-setting material. 
In an alternative embodiment, each tube is used to provide 
a different component of a two component material. Option- 
ally, the two lubes meet at their distal end, to ensure mixing 
of the components. 

[0243] In an exemplar) embodiment of the invention, the 
delivered material is CORTOSS by Orthovita inc. (US), a 
composite of Bis-GMA, Bis-EMA and TEGDMA. This 
material is optionally mixed along the path in the delivery 
tube. 

[0244] In an exemplary embodiment of the invention, 
instead of the units being provided by a maga/ine or by a 
cutting mechanism, a partial unit behav ior is prov ided by the 
motor of handle 812 stopping after every "unit" advance. 
Optionally, mechanical stops are provided for a hydraulic 
mechanism, if used. Optionally, instead of stopping, a sound 
is provided when a unit is injected or based on a different 
logic, for example, when 50% or another percentage of 
planned amount of material is provided. Optionally, a CPU 
is provided which analyzes an image provided by an imag- 
ing system and generates a signal when a sufficient and/or 
near sullicient and or over-load amount of material is pro- 
vided. Other circuitry may be used as well. 

[0245] Optionally, circuitry is provided for controlling the 
rate and/or pressure of material provision. Optionally, the 
circuitry stops advancing if a sudden change in resistance is 
perceived. 

[0246] In an exemplary embodiment of the invention, the 
delivery system includes pre-heating or pre-cooling of the 
injected material and/or of tube 802. In an exemplary 
embodiment of the inv ention, a Peltier cooler and or a 
resistance heater are provided in barrel 808. Other cooling or 
heating methods, such as based on chemical reactions or 
phase changing materials, may be used. 

[0247] In an exemplary embodiment of the invention, the 
maga/ine is a long coiled magazine. Alternatively or addi- 
tionally, the deformable material is folded in the maga/ine. 
Optionally, the maga/ine is elongated. Optionally, separate 
loading and pushing mechanism are provided. In an exem- 
plary embodiment of the invention, for loading, a unit is 
inserted through a slot in the side of the barrel. For pushing, 
the unit is advanced under a low pressure past the slot (or the 
slot is sealed) and only then is significant pressure required 
to advance the unit, for example, once the leading edge of 
the unit reaches the extrusion apertures. 

[0248] FIG. 8B shows the implementation of a unit deliv- 
ery method even without a cassette. A delivery tip 840 is 
shown with an aperture 842 through w hich multiple units 
822 are shown exiting. Optionally, an indication is provided 



to the user as a unit exits, for example, based on motion of 
a pusher used. Optionally, the system of FIG. 8A is used to 
load a series of units 822 into the barrel, for example, pulling 
back the pusher alter each unit is adv aneed past the cassette. 

Battery Powered Pusher 

[0249] FIGS. 9A and 9B show a material pusher 900 with 
reduced material twisting, in accordance with an exemplary 
embodiment of the invention. 

[0250] As in the delivery systems described above, pusher 
900 comprises a delivery tube 902 having one or more 
apertures 904 near its end. Optionally, an offset is provided 
between the apertures and the far tip of tube 902, for 
example, to ensure centering (or other positioning) of the 
extruded material, for example preventing the material from 
being provided too close to a far end of the vertebra, if the 
delivery system is pushed forward. 

[0251] Tube 902 is mounted (e.g., optionally replaceably) 
to a body 908. A pusher 910 is used to advance material 
through tube 902. 

[0252] In an exemplary embodiment of the invention, in 
use, an operator presses a switch 912. for example, to select 
between forward, backwards and no motion of pusher 910. 
Power from a battery 914 (or a hydraulic or other source) is 
conveyed to a motor 916. Rotation of the motor causes a nut 
922 to rotate relative to pusher 910. Optionally, a series of 
gears are used which may or may not provide a mechanical 
advantage, depending on the implementation. In an exem- 
plary embodiment of the invention, motor 916 rotates a gear 
918 that rotates a gear 920, which rotates nut 922 which is 
coaxial thereto. Optionally, a rotation preventing element 
924, for example, a rectangular element 924 is mounted on 
pusher 910 and prevents rotation thereof. 

[0253] Optionally, one or more sensors are used to detect 
the extremes of positions of pusher 910, when it is advanced 
and when it is retracted. In the example shown, a micro- 
svv itch 926 and a micro-switch 928 detect the ends of motion 
of pusher 910, for example, using a bump or electrically 
conducting section 930 (depending on the sensor type used). 
Alternatively or additionally, a positional encoder is used, 
for example, by counting rotation, or a separate encoder as 
known in the art of encoders. 

[0254] FIG. 9B shows system 900 after extrusion is 
effected, showing extrusions 932. Optionally, extrusions 932 
are an extension to tube 902, prior to them being cut off by 
pusher 910. In an exemplary embodiment of the invention, 
rotation of tube 902 causes extrusions 932 to act as a reamer. 
In an exemplary embodiment of the invention, the viscosity 
and shear strength of the material are selected to effect a 
desired limitation on the reaming abilities, for example, to 
prevent damage to bone. 

[0255] Optionally, one or more gears are provided to rotate 
and oroseillale the delivery tube as the material is advanced. 
Optionally, periodic or ramp axial motion is provided, by 
motor means. Optionally, the distal tip of the delivery tube 
is made soft, for example by attaching a soft tip thereto, to 
reduce or prevent damage to the vertebra. 

Sleeve Provision System 

[0256] FIGS. 1 OA and 1 0B shows a sleeve based delivery 
system 1000. in accordance with an exemplary embodiment 
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of the invention. FIG. 1 OA is a general cut-open view of 
system 1000, in which a sleeve 1010 is not shown. FIG. 10B 
shows the distal portion of system 1000, including sleeve 
1010 mounted thereon. 

[0257] The embodiment of FIGS. 10A-10B also illus- 
trates a refilling mechanism by which the deliver)' tube 
includes a port to which a refill system can be connected to 
refill the delivery tube with material to be injected into the 

[0258] A pusher 1004 pushes material that is found inside 
a delivery tube 1002. In the embodiment shown, the material 
is ejected past a tip 1008 of delivery tube 1002. A sleeve 
1010 is provided so that the sleeve lies between the material 
and delivery tube 1002. An optional tube cutter 1012, such 
as a knife is shown to optionally split the tube after it exits 
the body. A pulley system 1011 for collecting the split tube 
is also shown. 

[0259] In operation, an amount of material is either pro- 
vided in tube 1002 or is injected into it, for example, via a 
port 1016 in pusher 1004. Advancing of pusher 1004, for 
example, by applying force to a knob 1018 attached thereto, 
for example manually, using a motor or using other mecha- 
nisms described herein, pushes against the material in tube 
1002. At the same time, sleeve 1010, which is attached to 
pusher 1004, for example, by a crimping 1014, is pulled 
along with the material. Portions of sleeve 1010 reaching 
distal tip 1008 of tube 1002, fold back towards a body 1006 
of delivery system 1000. When sleeve 1010 reaches knife 
1012, it is optionally split so that it can pass over tube 1002 
and pusher 1004. A thread or wire or other coupling 1013 is 
attached to the proximal (split) side of sleeve 1010 (e.g., via 
a connector 1019) and via a pulley 1011 is pulled as pusher 
1004 advances. A slide 1020 is optionally provided to guide 
the motion of the split sleeve. 

[0260] It should be appreciated that such a sleeve system 
can also be used for deli\ ering implants rather than material. 
In one example, a compressed plastic implant, for example, 
polyurethane, which is compressed radially (and extended 
axially) is advanced using a sleeve system, to reduce fric- 
tion. Optionally, the sleeve material is selected according to 
the material being used and/or the tube material. In another 
example, the sleeve system is used to deliver a self-expand- 
ing implant, for example, as described in WO 00/44319 or 
in WO 2004/110300, the disclosures of which are incorpo- 
rated herein by reference. 

[0261] It is noted that a sleeve system may also be flexible. 
Optionally, the sleeve is formed of a chain-link or a knitted 
material, rather than an extruded plastic polymer tube. 
Optionally, the sleeve is formed of multiple layers of mate- 
rials. For example by extrusion or by lamination. Optionally, 
fibers or other strengthening means are pirn ided to reduce 
elongation. Optionally, the sleeve is formed of a material 
that withstands heat and/or chemical byproducts caused by 
PMMA. Optionally, the sleeve is preformed to elastically 
expand when it exits the delivery tube. Optionally, the sleeve 
is perforated or includes a plurality of apertures therein. 

[0262] Optionally, the sleeve elutes one or more treatment 
materials. ( )ptionally. the slee\e elutes one or more catalysts 
or catalysis retarding materials, for example, to prevent or 
slow-down reactions in the delivery system and/or speed 
them up out of the delivery system. 



[0263] Optionally, a layer of oil or other lubricant is 
provided in addition to or instead of the sleeve. 

[0264] Optionally, the sleeve remains inside the body, for 
example, being formed of a bio-degrading materials or 
maintaining its form. Optionally, when degrading, strength- 
ening fibers or other elements remain to enhance the strength 
of the extruded material or implant. 

[0265] FIG. 10C is a cross-sectional view of a variant 
system 1000' in which a pusher 1004' is flexible enough to 
bend. This allows a body 1006' of the device to be manu- 
factured in a non-linear shape, for example, in the shape of 
revolver, which may be easier to hold. Optionally, one or 
more wheels, bearings or slides (not shown) are used to 
guide pusher 1004'. Optionally, pusher 1004' can be made 
more flexible as some of the motive force used to move the 
material is provided by the sleeve pulling the material 
forward. Alternatively or additionally, some reduction is 
supported by the reduced friction. 

[0266] Optionally, a sleeve system is used with a magazine 
system, for example, the units being provided through port 
1016. 

[0267] Optionally, the sleeve is pre-split and includes an 
overlap to prevent friction in the delivery tube. Optionally, 
this allows a magazine to load the sleeve from the side. 
[0268] FIG. 10D shows a further, compact, variant 1000" 
in which a pusher 1004" is made flexible enough to fold over 
itself, so body 1006" can be of smaller dimensions. It should 
be noted that these more compact and/or non-linear embodi- 
ments can also be practiced without the sleeve feature. The 
sleeve pullback mechanism is not shown here. 
[0269] FIG. 10E shows a variant system 1000"' in which 
a pusher 1004"' is reduced in size axially. In this design the 
motive force is provided by pulling back the cut sleeve 1010 
using a knob 1040 (or a motorized or mechanical gain or 
other means). This pulling back advances a shortened pusher 
1004"'. ( )ptionally. pusher 1004"' is provided as a sealed end 
of sleeve 1010. A body 1006"' of the system can be very 
compact, depending on the method of pulling back on knob 
1040. Op two or more symmetrically positioned knifes 1012 
are provided, to allow forproper mechanical support oftube 
1002 by body 1006"'. Optionally, the tube is precut. 
[0270] In an exemplary embodiment of the invention, it is 
noted that pusher 1004 is separated from the injected mate- 
rial by the sleeve. Optionally, a hydraulic system is used to 
advance the pusher, for example (in FIG. 10F) attaching a 
flexible tube to pusher 1004"' in tube 1002. 
[0271] In an exemplary embodiment of the invention, 
sleeve 1010 is used to isolate the body itself from the 
hydraulic system, possibly allowing for a system with a 
higher probability of leaking. 

[0272] In the embodiments shown, the material exited 
from the distal end 1008 oftube 1002. Optionally, a stop is 
provided at the end. so that the material is forced sideways. 
Optionally, the stop is not attached to tube 1002 at end 1008 
thereof. Rather a thread, running through tube 1002 and/or 
outside thereof (or more than one thread) attaches the stop 
to the body of device 1000. Optionally, the thread runs 
through a narrow lumen formed in pusher 1004. 
[0273] Alternatively, one or more elements which attach 
the stop to tube 1002, serve to split sleeve 1010, at tip 1008 
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oftube 1002. In an exemplary embodiment of the imention. 
the stop is attached to tube 1002 after the sleeve is mounted 
thereon. Alternativ ely. the sleeve is pre-splii. pulled through 
tube 1002, past the elements and attached to coimector 1019. 

[0274] In an alternative embodiment of the im ention, the 
sleeve is provided totally within the delivery tube. In one 
embodiment (not shown), the delivery tube comprises two 
coaxial tubes and the inner tube serves as shown by tube 
1002 in FIGS. 10A-10E. 

[0275] In another embodiment, the fact that the delivery 
lube is full of material is taken advantage of. in thai the 
material (316) serves to prevent the tube from collapsing 
when it is simultaneously pushed from one end and pulled 
from the other. This may depend on the viscosity of the 
material and/or on the shape of the distal tip of the delivery 
system. Optionally, the distal end is slightly flared to define 
a folding over location for the sleeve. 

[0276] FIG. 10F shows such an embodiment, of a delivery 
system 1050, in which sleeve 1010 is provided within 
delivery tube 1002. As can be seen a folding over location 
1 052 for the sleeve is provided past the end of tube 1002. In 
an exemplary embodiment of the invention, a ring (not 
shown) is provided past the end of lube 1002 and around 
which the sleeve is folded. This ring serves as a scaffold for 
the folding, but due to its having a diameter greater than an 
inner diameter of tube 1002 (or at least being misaligned if 
the ring and/or tube are not circular in cross-section), cannot 
be pulled into the tube by retraction of sleeve 1010. 

[0277] In an alternative embodiment of the invention, 
sleeve 1010 does not fold back towards system 1000. Rather, 
the sleeve is pushed into the vertebra with the material. 
Optionally, once out of the confines of tube 1002, the 
material can tear the tube. In an alternative embodiment, the 
sleeve remains intact and encloses the material, sausage- 
like, in the body. The sleeve may be formed of biocompat- 
ible, bioabsorbable and/or implant grade material. 

Squeeze Based Material Provision 

[0278] In an exemplary embodiment of the invention, the 
material is squeezed out of the delivery system rather than 
pushed. FIG. 11A shows a squeeze based system 1100, in 
which a delivery tube 1102 is made out of a squeezable 
material, such as a polymer or annealed metal. A pair of 
rollers 1104 (or one roller and an opposing am il. not show n I 
advance towards the distal side of tube 1102. squeezing it 
flat and forcing material that fills the tube to migrate distally 
Various motion mechanism can be used. In the figure, the 
motion mechanism is a linear gear 1108 w hich engages a 
gear 1106 that is coaxial with roller 1104. When the roller is 
rotated, the linear gear advances the roller. Various power 
sources may be used, for example, electric motors and 
hydraulic power. Also, other power trains may be used. The 
rollers are optionally made of stainless steel. 

[0279] FIG. 11B shows a delivery system 1120, in which 
a squeeze element 1124 slides rather than rolls against a 
delivery tube 1122. Tube 1122 is optionally rolled around a 
pin 1 134 Various mechanisms can be used to move squeeze 
element 1124, for example a motor 1130 attached to a cable 
1126 via an optional pulley 1128. 



Tamping Method 

[0280] In an exemplary embodiment of the invention, 
friction is reduced by reducing the length of motion of the 
material inside a delivery tube. In one method, a small 
amount of material is provided into a distal side of a delivery 
tube (while outside the body). Then the distal part is inserted 
into the body and a tamping tool is provided into the 
proximal part. 

[0281] This process may be repeated several times until a 
desired amount of material is provided into the body. 

Penetrating Delivery System 

[0282] In some embodiment of the invention, the delivery 
system also penetrates to the bone and/or penetrates the 
bone. Optionally, this obviates the need for a separate 
cannula and/or may simplify the procedure. Optionally, the 
delivery tube is kept in the body when it is being refilled w it li 
material to be injected. 

[0283] FIG. 12A shows a penetrating delivery system 
1200. A distal tip 1202 is formed in a manner suitable for 
drilling in bone. This is shown in greater detail in FIG. 12B. 

[0284] A hydraulic pump or mechanical ratchet advance 
mechanism is optionally used, with a handle 1206 used for 
pumping shown. 

[0285] A potential advantage of a one piece system is that 
fewer parts are needed. If the system is preloaded w ith all the 
material needed, for example, at a manufacture, no equip- 
ment changes are needed. Optionally, the use of a side 
aperture 1204 allows the tip to be a drilling tip. Optionally, 
the use of smaller diameter tubes allows fewer parts to be 
used, as drilling is simplified. 

[0286] Optionally, the proximal end of system 1200 is 
adapted for tapping with a mallet. 

[0287] FIG. 12C shows an alternative embodiment of a 
system. 1230, in which the system is adapted to ride on a 
guidewire 1236, for example, a K-wire. In an exemplary 
embodiment of the invention, a bore 1238 is formed in a 
drilling section 1232 of system 1230. Alternate ely, the bore- 
is to the side of the drilling head, for example, exiting 
through an aperture 1234 which may also be used for 
extruding material. Optionally, the pusher (not shown) is 
drilled as well. Optionally, the diameters of the drilled holes 
are too small for the material to exit through. Alternatively, 
bore 1238 is used for extruding material, after the K-wire is 
removed. 

[0288] In an exemplary embodiment of the invention, the 
material is predrilled with a bore, to allow passage of the 
guidewire therethrough. Optionally, this bore is provided 
with a sleeve. It is noted that absent axial pressure on the 
material, the materia] w ill generally not flow into the drilled 
bore. Alternatively or additionally, the guidewire is coated 
with a suitable friction reducing coaling, solid or fluid. 

[0289] Optionally, the delivery tube is loaded after the 
delivery tube is guided into the body (and the guidewire 
removed), for example using a barrel storage means or a unit 
magazine as described above. 

[0290] Optionally, a separate lumen is defined for a 
K-wire. Optionally, that lumen is a collapsible lumen. How- 
ever, until pressure is applied to the material to be delivered, 
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it remains un-collapsed. Once the guidewire completed its 
task, it is removed and pressure applied to the material, 
collapsing ihc guidewire channel and improving the How 
characteristics (by increasing ellective inner diameter of the 
delivery tube. 

[0291] In an exemplary embodiment of the invention, a 
cannula is not needed, for example, if the delivery system 
rides on the guidewire or if the delivery system is used to 
directly penetrate the bone. Optionally, the delivery tube of 
the delivery system is not removed once inserted into or to 
the bone, for example, using a barrel or pumping mechanism 
as described above to reload the delivery mechanism if 
required. Once the system is reloaded, the pusher can 
advance the material into the delivery tube where it can then 
be advanced into the bone. 

Optional Additional Therapy 

[0292] In an exemplar) embodiment of the invention, the 
provision of material is enhanced by additional therapy. 
Optionally, the additional therapy comprises thermal 
therapy. Optionally, the material is pre-heated or pre-cooled. 
Optionally, the pre-heating or pre-cooling also serves a 
purpose of controlling the material properties and/or setting 
behavior. 

[11293] In an exemplar.; embodiment of the invention, the 
heating is by contact heat (conduction) or by light, for 
example a flash lamp or a laser source. Alternatively or 
additionally, the delivery system radiates heat. Optionally, a 
microwave or other wireless healing method is used. 

[0294] Optionally, heating is provided separately from 
material provision. In one example, a heated guidewire is 
pro\ ided into the \erlebra. ( )ptionally. the guidew ire extends 
one or more protrusions, to guide thermal energy into the 
nearby tissue. Optionally, a thermal sensor is provided to 
control the temperature in the vertebra and/or prevent over 
heating. 

Exemplary Materials 

[0295] Various materials are suitable for use with exem- 
plary embodiments of the invention. Some of the materials 
which can be used in some embodiments of the invention are 
known materials, for example, PMMA, however, they may 
be used at unusual conditions, for example at a semi- 
hardened condition. Also, while putty materials may be 
known, they are not typically used for injection through a 
small bore into bone. 

[0296] It should be noted that while specific examples are 
described it is often the case that the material composition 
will be varied to achieve particular desired mechanical 
properties. For example, different diagnoses may suggest 
different material viscosities. 

[0297] In an exemplary embodiment of the invention, for 
non-hardening materials, the material can be allowed to set 
outside the body. After such setting the material may be 
washed or ventilated. In this manner, some materials with 
potentially hazardous by-products can be safely mixed and 
then used in the body. Optionally, a material is tested to 
make sure toxic byproducts are removed to below a safety 
threshold. Optionally, a testing kit is provided with the 
delivery system. 

[0298] In an exemplary embodiment of the invention, the 
materia] is selected so thai its mechanical properties match 



the bone in which it will be implanted. In an exemplary 
embodiment of the invention, the material is matched to 
healthy or to osteoporostic trabecular bone. Optionally, the 
mechanical properties of the bone are measured during 
access, for example, based on a resistance to advance or 
using sensors provided through the cannula or by taking 
samples, or based on x-ray densitometers measurements. 
[0299] In general, PMMA is stronger and has a higher 
modulus than trabecular bone. For example, Trabecular bone 
can have a strength of between 3-20 megapascal and a 
Young modulous of 100-500 megapascal. Cortical bone, for 
example, has strength values of 170-190 gigapascal and 
Young modulus of 13-40 gigapascal. PMMA typically has 
values about half of Cortical bone. 

[0300] In an exemplary embodiment of the invention, the 
material is selected to be less than 120% as strong and/or 
young modulus as the expected bone to be treated. Option- 
ally, the values of one or both of strength and young modulus 
are 10%, 20%, 30%, 40% or less reduced from that of 
trabecular bone. It should be noted that if less of the vertebra 
is filled, the injected material will be supported, at least in 
part, by trabecular rather than cortical bone, depending for 
example on the method of filing of interior 308. 
Exemplary Non-Hardening Material 
[0301] In an exemplary embodiment of the invention, the 
material used is a putty like material. One example of a 
putty-like material is a hydroxyapatite with an increased 
ratio of sodium alginate. For example, the increased ratio 
can be 8% or 10%. While this material does harden in the 
body, it does not set to a hardened condition absent humidity. 
Thus it can be prepared ahead of time and pre-stored in a 
delivery system, for example by a manufacturer. In an 
exemplary embodiment of the invention, the added material 
slows down water absorption so that while sullicient water 
enters the material to initiate setting, not enough enters to 
cause dissolution. An example of this material is described 
in Ishikawa et al., "Non-decay fast setting Calcium phos- 
phate cement: Hydroxyapatite putty containing an increased 
amount of sodium alginate". .1 liiomed Mater Res 36 1997. 
393-399. the disclosure of which is incorporated herein by 
reference. More details may be found in "Effects of neutral 
sodium hydrogen phosphate on setting reaction and 
mechanical strength of hydroxyapatite putty", by Kunio 
Ishikawa, Youji Miyamoto, Masaaki Takechi, Yoshiya 
Ueyama. Kazuomi Suzuki. Masaru Nagayama and Tomo- 
hiro Matsumura, in J Biomed Mater Res, 44, 322-329, 1999, 
the disclosure of which is incorporated herein by reference. 
[0302] Other calcium deriv ativ e cements, bone chips and 
or tillers may be used as well. Bone chips, depending on 
processing may have a limited shelf life. Some of these 
materials generally harden (or combine with bone growth) 
after a relatively long time, such as more than a week, more 
than a month or more than 3 months. 
Additional Exemplary Non-Hardening Material 
[0303] In an exemplar}' embodiment of the invention, the 
material used is a mixture old , MA (lauryl methacrylate) and 
MMA (methyl methacrylate). Depending on the ratio used, 
di Herein mechanical properties and viscosities can be 
achiev ed. FI< ;. 13 is a graph show ing the relativ e viscosities 
of PMMA and various ratios of the copolymer material. In 
the example shown, as the ratio of LCA decreases, viscosity 
goes down. 
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[0304] Diblock copolymers of MMA and LMA were syn- 
thesized by anionic polymerization using DPHLi as initiator 
in THF at -40° C. with the sequential addition of monomers. 
The molecular weight distribution of the polymers was 
narrow and without homopolymer contamination when 
LMA was added to living PMMA chain ends. 

[0305] In an exemplary embodiment of the invention, the 
ratio used are 80:20. 70:30. 60:40. 50:50. 30:70. 20:80 or 
intermediate, smaller or larger ratios (by volume). 
Experiment: Materials and Methods 
Starting Materials 

[0306] Medicinal distillate methyl methacrylate and lauryl 
methacrylate stabilized with 10-100 ppm of the monomethyl 
ether of hydroquinone were used as received from Fluka. 
( rermany. Benzoyl peroxide (BPO) was purchased from 
BDH Chemicals, England. N Barium sulfate (BS) was 
obtained from Sigma-Aldrich (Israel). All solvents were 
analytical-grade from Biolab (Jerusalem. Israel) and were 
used as received. 
Polymerization 

[0307] Polymerization reactions were carried out in a 
single necked round bottom llask equipped with a magnetic 
stirring. In a typical reaction, 60 ml MMA (0.565 mol), 50 
ml LMA (0.137 mol), 220 mg of Benzoyl Peroxide (0.9 
mmol), and 100 ml THF were transferred. The amount of 
BPO was adjusted to each of the compositions according to 
the total amount of the monomer's mols. The amount of the 
THF was equal to the total volume of the monomers (table 
1). The content was heated to a polymerization temperature 
of 70-75° C. for 20 hours, then the solution was precipitated 
in sullicient amount of methanol and left to mix for four 
hours. Finally, the polymer was dried in an oven at 1 10° C. 
under vacuum. 

TABLE 1 



consisting of a Waters 1515 isocratic HPLC pump with a 
Waters 2410 refractive-index detector and a Rheodyne 
(Coatati, Calif.) injection valve with a 20-uL loop (Waters 
Ma). The samples were eluted with C T IC T , through a linear 
Ultrastyragel column (Waters; 500-A pore size) at a flow 
rate of 1 mL/min. 

[0310] 1 H — NMR spectra were recorded on a Varian 300 
MHz instrument using CDC1 3 , as solvents. Values were 
recorded as ppm relative to internal standard (TMS). 

[0311] A Cannon 1C A718 Ubbelhold viscometer was 
used for the viscosity measurements of the polymer. The 
measurements were performed at 30° C. with toluene as a 
solvent. 

Water Absorption Capacity 

[0312] Swelling behavior of acrylic bone cements was 
carried out from accurately weighed films of 0.8 mm thick- 
ness. Films were introduced in 0.9 wt % NaCl solution (20 
ml) and kept at 37" ('. The water sorption kinetics in 20 ml 
saline solution were evaluated in two specimens of each 
bone cement (containing 30% barium sulphate). 

[0313] Equilibrium gain was determined gravimetrically 
at different periods of time. The uptake of water was 
recorded at 30 min intervals in the beginning and spacing out 
these intervals until the equilibrium was attained. At appro- 
priate times, the samples were removed, blotted with absor- 
bent paper to remove the water attached on its surface and 
w eighed. The percentage of I Equilibrium gain was obtained 
from each specimen using the following expression: 



Hydration degree(%) = 
Weight of sv 



nitia w eight of specimen 



3WJ.1I 



2S.Jfl.lS; 
258(1.06) 
2JU| ().'«) 



50(0.17) 201(0.83) 

60(0.20) 182(0.75) 

70(0.24) 163(0.67) 

80(0.27) 144(0.6) 

100(0.34) 107(0.44) 



[0308] The dried polymer was milled to a fine powder 
(Ilsiangtai Sample mill, model sm-1, Taiwan) and mixed 
with barium sulfate (30% w/w). The mixture w as heated in 
a glass inside a sand bath to 140° C. until melting of the 
polymer. The mixture left to cool, and milled again. This 
procedure was repeated at least three times, until a homo- 
geneous off-white polymer was received, which could be 
melted into loadable slugs for the delivery systems and 
magazines described above. 
Characterization 

[0309] Molecular weight and polydispersity were ana- 
lyzed by Gel permeation chromatography. GPC system 



[0314] 100% PMMA: Average 1.845% (+0.045) 

[0315] Initial weight (g) 0.2156 and 0.2211 

[0316] Weight of specimen at equilibrium (g) 0.2195 
and 0.2253 

[0317] Equilibrium gain (%): 1.8 and 1.89; 

[0318] 60% PMMA, 40% PLMA: Average 1.65% 
(+0.235) 

[0319] Initial weight (g): 0.1161 and 0.1402 

[0320] Weight of specimen at equilibrium (g) 0.1183 
and 0.1422 

[0321] Equilibrium gain (%): 1.42 and 1.89; 
[0322] 50% PMMA, 50% PLMA: Average: 1 .02% (+0.28) 
[0323] Initial weight (g): 2700 and 0.2371 



[0325] Equilibrium gain (%): 0.74 and 1.3; 
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Compression Testing 

[0326] These tests were conducted using an Instron 4301 
universal testing machine provided with a load cell of 5 kN, 
and at a cross-head speed of 20 mm/min. A known weight 
of polymer was melted in a glass inside a sand bath. The bath 
was healed al 1 50" ( '. lor two hours, and ihen barium sulfate 
was added (30% w/w) and mixed well several times, until 
homogenous dough was received. ( ylindrical specimens of 
6 mm in diameter and 12 mm high were prepared by forcing 
the melted copolymers into the holes of a Teflon mold. One 
side of the mold was covered with Teflon plates and secured 
with clamps. The specimens were cooled for 20 minutes in 
the mold, then the upper side was cut to the mold shape, and 
the specimens removed from the mold, finished to a perfect 
cylindrical shape. The test took place at least 1 week after 
aging in air at 23±1° C. For each cement composition, six 
specimens were tested. 

[0327] The elastic modulus and the maximal strength 
force were obtained. 



Molecular Weights and Viscosity Measurement 

[0328] The number and weight average molecular weights 
of poly(La-MA), poly(MMA) and their copolymers were 
obtained from gel permeation chromatography. The poly- 
dispersity index varies in the range of 1.6 to 2.87. The 
viscosities of the polymers are obtained using Toluene as 
solvent at 25° C. The intrinsic viscosities (t|) were obtained 
by extrapolating r| sp c _1 to zero concentration. The molecu- 
lar weights and viscosities are presented in Table II. 



TABLE II 



<■!'( analysis of polymers 



:4 ,84:16] 
:1 (74:26) 
:5 (69:31) 
:(. ,64:36. 
:7 ,s„:44i 
:X (40:66] 
)() (l):l()0) 



|88]:|12| 

87:13 
84:16 



6519U 



63006 112442 

73295 118384 

94167 135880 

55455 104711 

75648 134745 

35103 79986 

23876 68720 

27350 75146 



1.615 0.366 



Compressive Test 

[0329] The results of the compressive test are collected in 
Table III as a function of compressive strength and modulus. 
The influence on the mechanical behavior of adding lauryl 
methacrylate monomers can be clearly observ ed. The intro- 
duction of higher percentages produces a decrease that is 
more pronounced at 50% (v/v) LA. The compressive modu- 
lus shows a drastic decrease as the content of LA increases. 
This drop may be related to the structure modification of the 
matrix by the introduction of LMA. This drop may also limit 
the use of some compositions for some applications. 



(Mp:.. 



18.9,4.51 
1.9(0.2) 
19.19(3.42) 
(1.253(11.(16) 



2478, 220 i 
11(10.7(129) 
6 34.5,116] 
660(250) 
69.6(20) 
49.5(11.8] 
8.3(1.2) 
1.71(0.417) 



Material Modifications 

[0330] Optionally, various additives are added to the mate- 
rials described herein, to modify their properties. The adding 
can be before setting or after setting, depending on the 
material. Exemplary materials that can be added include 
fibers (e.g., carbon nanotubes or glass fibers) of various 
lengths and thicknesses, aggregates and/or air bubbles. 

[0331] In an exemplary embodiment of the invention, if 
the material is manufactured to be anisotropic, it can be 
advanced into the body in a desired direction, for example, 
by selecting a delivery path (e.g.. storage, tube, aperture) to 
reduce twisting ami or deformation. Optionally, such mate- 
rials are provided as short units (FIG. 8). 

Softening and Semi-Hardening Materials 

[0332] In an exemplary embodiment of the invention, the 
material used softens after provision into the body. In an 
exemplary embodiment of the invention, the material com- 
prises an additive that disperses or weakness in water or 
body fluids, for example, salt. A softening material may be 
useful if the forces required for height restoration are smaller 
than the forces required for maintaining height. Softening 
times are optionally controlled by mixing in a gel material 
which slows down waler penetration into the extruded 
material. 

Semi-Hardening Materials 

[0333] In an exemplary embodiment of the invention, the 
material used sets to non-hardened condition. In an exem- 
plary embodiment of the invention, the material comprises 
MMA, LMA and NMP. NMP solvates in water, allowing the 
material to set somewhat. In an exemplary embodiment of 
the invention, a hardened condition is avoided, possibly 
preventing the induction of fractures in nearby vertebra. 

Use of Hardening Materials 

[0334] In an exemplar)' embodiment of the invention, the 
above described devices (e.g.. delivery) are used with a 
material which sets to a hardened condition, for example. 
PMMA or other bone cements and fillers. In an exemplary 
embodiment of the invention, the material is provided in a 
kit that includes a timer and/or a viscometer, so that an 
operator can estimate the workability and viscosity of the 
material and its usefulness for height restoration without 
leakage. Optionally, the time includes a temperature senor 
and provides an estimate of workability time based on the 
temperature and the time the components of the PMMA 
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[0335] In an exemplary embodiment of the invention, a 
selling materia] is formulated to ha\ e a high \ iscosity for a 
working window of significant duration, for example. 2. 4. 
5, 8, 10 or intermediate or more minutes. 

[0336] In an exemplary embodiment of the invention, the 
following formulation is used: a set of beads formed of 
PMMA/Styrene of diameter 10-200 microns and an amount 
of 20 cc MMA per 9.2 grams beads. In an exemplary 
embodiment of the invention. MMA solvates and/or encap- 
sulates the beads and the viscosity of the mixture remains 
high, at the beginning due to the solvation and friction 
between the beads and later, as the beads dissolve, due to the 
progressing of polymerization. The beads may also be 
provided in a mixture comprising a range of si/es. It should 
be noted that the properties of the materials may be selected 
to improve a viscosity working window, even if strength of 
the final cement is compromised. 

[0337] In an exemplary embodiment of the invention, the 
working viscosity is set by selecting the bead size and/or 
material ratios. 

Additional Implant Devices 

[0338] Optionally, an implant is also injected into the 
v ertebra, for example, before, during or after injection of the 
material. lixemplary implants are metal or polymer cage or 
intra ventricular devices and enclosing mesh or solid bags or 
balloons. Optionally, bone graft is injected. Optionally, 
where an implant is provided, the material is extruded 
through the implant, for example from an axial section 
thereof in a radial direction. 

[0339] Optionally, devices such as described in PCT appli- 
cations PCT/IL00/00458; PCT/IL00/00058; PCT/ILOO/ 
00056; PCT/ILOO/00055; PCT/ILOO/00471; PCT/IL02/ 
00077; PCT/IL03/00052; and PCT/IL2004/000508, PCT/ 
IL2004/000527 and PCT/IL2004/000923, the disclosures of 
which are incorporated herein by reference, are used. 

[0340] Optionally, the material is extruded into a per- 
formed cavity, for example a cavity formed using an inflat- 
able balloon. Optionally, the material is extruded into an 
inter-vertebral space, for example a disc-space. 
[0341] Optionally, a material which sets to a hardened 
condition, for example, PMMA is co-extruded with or 
extruded before or after material which does not so set. 
Optionally, the setting material comprises less than 60% of 
the material, for example, less than 40" o. less than 20% or 
intermediate values. 

Other Tissue and General 

[0342] While the above application has focused on the 
spine, other tissue can be treated as well, for example, 
compacted tibia plate and other bones with compression 
fractures and for tightening implants, for example, hip 
implants or other bone implants that loosened, or during 
implantation. Optionally, for tightening an existing implant, 
a small hole is drilled to a location where there is a void in 
the bone and material is extruded into the void. 

[0343] It should be noted that while the use in bones of the 
above methods and devices provide particular advantages 
for bone and vertebras in particular, optionally, non-bone 
tissue is treated, for example, cartilage or soli tissue in need 
of tightening. Optionally, the delivered material includes an 



encapsulated pharmaceutical and is used as a matrix to 
slowly release the pharmaceutical over time. Optionally, this 
is used as a means to provide anti-arthritis drugs to a joint, 
but forming a void and implanting an eluting material near 

the joint. 

[0344] It will be appreciated that the above described 
methods of implanting and treating max- be varied in many 
w ays. including, changing the order of steps, which steps are 
performed more often and which less often, the arrangen ien1 
of elements, the type and magnitude of forces applied and/or 
the particular shapes used. In particular, various tradeoffs 
may be desirable, for example, between applied forces, 
degree of resistance and forces that can be withstood. 
Further, the location of various elements may be switched, 
without exceeding the spirit of the disclosure, for example, 
the location of the power source. In addition, a multiplicity 
of various features, both of method and of devices have been 
described. It should be appreciated that different features 
may be combined in ditferent ways. In particular, not all the 
features shown above in a particular embodiment are nec- 
essary in every similar exemplary embodiment of the inven- 
tion, further, combinations of the above features are also 
considered to be within the scope of some exemplar) 
embodiments of the invention. In addition, some of the 
features of the invention described herein may be adapted 
for use with prior art devices, in accordance with other 
exemplary embodiments of the invention. The particular 
geometric forms used to illustrate the invention should not 
be considered limiting the invention in its broadest aspect to 
only those forms, for example, where a cylindrical tube is 
shown, in other embodiments a rectangular tube may be 
used. Although some limitations are described only as 
method or apparatus limitations, the scope of the invention 
also includes apparatus programmed and/or designed to 
carry out the methods. 

[0345] Also within the scope of the invention are surgical 
kits which include sets of medical devices suitable for 
implanting a device or material and such a device. Section 
headers are provided only to assist in nav igating the appli- 
cation and should not be construed as necessarily limiting 
the contents described in a certain section, to that section. 
Measurements are provided to serve only as exemplary 
measurements for particular cases, the exact measurements 
applied will vary depending on the application. When used 
in the following claims, the terms "comprises", "compris- 
ing", "includes", "including" or the like means "including 
but not limited to". 

[0346] It will be appreciated by a person skilled in the art 
that the present invention is not limited by what has thus far 
been described. Rather, the scope of the present invention is 
limited only by the following claims. 



1. A method of treating a vertebra, comprising: 

(a) accessing an interior of a vertebra: and 

(b) introducing a sufficient amount of artificial biocom- 
patible material which does not set to a hardened 
condition in storage, into said bone, with sufficient 
force to move apart fractured portions of said bone. 

2. A method according to claim 1, wherein said material 
does not set to a hardened condition after introduction into 
the body. 
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3. A method according to claim 1, wherein said material 
can be stored for over 1 day. 

4. A method according to claim 1. wherein said material 
softens after implantation. 

5. A method according to claim 1, wherein said material 
partly hardens after implantation. 

6. A method according to claim 1, wherein said material 
does set to a hardened condition after introduction into the 
body. 

7. A method according to claim 1, wherein said material 
does not set to a hardened condition in storage. 

8. A method according to claim 1. wherein said material 
is artificial. 

9. A method according to claim 1, wherein said material 
is a plastically deforming material. 

10. A method according to claim 9, wherein said material 
has a hardness of between 10A shore and 100A shore. 

11. A method according to claim 10, wherein said material 
is free of cross-linking higher than type I. 

12. A method according to claim 10, wherein said material 
is thermoplastic. 

13. Amethod according to claim 10, wherein said material 
comprises I MA (lauryl methacrylate) and MMA (methyl 
methacrylate). 

14. Amethod according to claim 1, wherein said material 
is a viscous fluid. 

15. Amethod according to claim 14, wherein said material 
has a viscosity between 600 Pascal-second and 1,800 Pas- 
cal-second. 

16. A method according to claim 1, wherein introducing 
comprises introducing at a pressure of at least 40 atmo- 

17. A method according to claim 1, wherein introducing 
comprises introducing at a pressure of at least 100 atmo- 
spheres. 

18. A method according to claim 1, wherein introducing 
comprises introducing through a delivery channel having a 
diameter of less than 6 mm and a length of at least 70 mm. 

19. A method according to claim 1, wherein introducing 
comprises introducing through an extrusion aperture having 
a minimum dimension of less than 3 mm. 

20. A method according to claim 1, wherein introducing 
comprises introducing through an extrusion aperture ha\ ing 
a minimum dimension of less than 1.5 mm. 

21. A method according to claim 1, wherein introducing 
comprises introducing through a plurality of extrusion aper- 
tures simultaneously. 

22. A method according to claim 1, wherein introducing 
comprises changing an introduction direction during said 
introduction. 

23. A method according to claim 1, wherein introducing 
comprises changing an introduction position during said 
introduction. 

24. Amethod according to claim 1, wherein said material 
comprises at least one material adapted to function in a 
capacity other than structural support. 

25. A method according to claim 1. wherein introducing 
comprises advancing said material using a motor. 

26. A method according to claim 1, wherein introducing 
comprise, advancing said material using a hydraulic source. 

27. A method according to claim I. wherein introducing 
comprises introducing said material in discrete unit 
amounts. 



28. Amethod according to claim 27, wherein at least some 
of the units have different mechanical properties form each 

29. A method according to claim 1. wherein introducing 
comprises cutting said material away from a delivery sys- 

30. A method according to claim 1, wherein introducing 
comprises not tw isting said material during said introducing. 

31. A method according to claim 1, wherein introducing 
comprises shaping an extrusion form of said material using 
an exit aperture. 

32. A method according to claim 1, wherein accessing 
comprises accessing using a guidewire and providing a 
delivery system over the guidewire. 

33. A method according to claim 1, wherein accessing 
comprises accessing using a delivery system of said mate- 

34. A method according to claim 1, wherein introducing 
comprises introducing without a separate void forming act. 

35. A method according to claim 1, wherein introducing 
comprises introducing without a spatially constraining 
enclosure. 

36. A method according to claim 1, wherein introducing 
comprises introducing in a spatially constraining enclosure. 

37. A method according to claim 1, wherein introducing 
comprises also introducing at least 10% by volume of a 
material which sets to a hardened condition. 

38. A method according to claim 1, comprising selecting 
said material to have at least one of hardness and Young 
modulus properties less than those of trabecular bone of said 
vertebra, after a week from said implantation. 

39. A method according to claim 1, wherein said intro- 
duced material is operative to support at least 30% of a 
weight of vertebra within a week after implantation. 

40. A surgical set comprising: 

at least one tool adapted to deliver a material into a 
vertebra; and 

at least 1 cc of artificial biocompatible prepared material 
that does not set to a hardened condition outside the 
body. 

41. A set according to claim 40, wherein said at least one 
tool comprises a pressure delivery mechanism capable of 
delivering said material at a pressure of above 100 atmo- 

42. A set according to claim 40, wherein said set com- 
prises a disposable hydraulic actuator. 

43. A set according to claim 40, wherein said set com- 
prises a replaceable magazine for storing said material. 

44. Amethod of treating bone, comprising: 

(a) accessing an interior of a bone; and 

(b) introducing a sufficient amount of biocompatible 
material into said bone, without an enclosure between 
said material and the bone, said introducing being with 
sufficient force to move apart fractured portions of said 

45. Amethod according to claim 44, comprising leaving 
said material in said bone to resist at least 30% of a 
normative force which urges said portions together. 

46. A method according to claim 44, wherein said bone is 
a vertebra. 

47. Amethod according to claim 46. wherein said material 
does not set to a hardened condition in storage. 
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48. Amethod according to claim 46. wherein said material 
does not set to a hardened condition in the body. 

49. Amethod of treating a vertebra, comprising: 

(a) accessing an interior of a vertebra: and 

(b) introducing a sufficient amount of spatially uncon- 
strained biocompatible soft material having a hardness 
of less than 100A Shore into said vertebra, with suffi- 
cient force to move apart fractured portions of said 
bone. 

50. A surgical set comprising: 

at least one tool adapted to deliver a material into a 
vertebra; and 

at least 1 cc of biocompatible prepared material that has 
a Young modulus of less than 120% of healthy vertebral 
trabecular bone and is prepared at least 1 day ahead of 
time. 

51. A method of treating a bone, comprising: 

(a) accessing an interior of a bone; and 

(b) introducing, via a delivery tube, into said bone an 
unconstrained plastically deformable solid material 
harder than 10A shore and softer than 100A shore. 

52. Apparatus for deli\ ering a material or an implant into 
a bone, comprising: 

(a) a delivery tube having a lumen and a distal end 
adapted for insertion into a body; 

(b) a payload comprising at least one of material and an 
implant inside said lumen; 

(c) a lining disposed between said tube and said payload; 

(d) an advancing mechanism adapted to move said liner 
and said payload to said distal end, 

wherein said liner reduces a friction of said payload 
against said delivery tube. 

53. Apparatus according to claim 52, comprising a splitter 
which splits said sleeve. 

54. Apparatus according to claim 52, wherein said mecha- 
nism pulls said sleeve. 

55. Apparatus according to claim 52, wherein said mecha- 
nism pushes said payload. 

56. Apparatus according to claim 52, wherein said sleeve 
folds over said delivery tube. 



57. A biocompatible material which does not set to a 
hardened condition and does not include cross-linking of a 
type greater than type I and formed of MMA (methyl 
methacrylate). 

58. A material according to claim 57, wherein said mate- 
rial is formed of a mixture of MMA and LMA (lauryl 
methacrylate) 

59. A second medical use of PMMA for height restoration 
of vertebral bones when applied directly into a vertebra. 

60. A second medical use according to claim 59, wherein 
said PMMA is applied during setting while at a viscosity 
higher than 400 Pascal-second. 

61. A second medical use of bone putty for vertebral 
treatment when applied under pressure through a tubular 
delivery system into a vertebral bone. 

62. A polymerizing composition, comprising: 

(a) a first quantity of beads having a set of sizes; and 

(b) a second quantity of monomer, 

wherein said quantities are selected so that a mixture of 
said quantities results in a setting material having a 
workability window of at least 5 minutes at a viscosity 
between 500 and 2000 Pascal-second. 

63. A method of treating bone, comprising providing a 
heat source into a vertebra in a controlled manner. 

64. A composite tool for accessing bone, comprising: 
an elongate body having: 

(a) a head adapted to penetrate bone; 

(b) an aperture adapted to extrude material into bone, 
near said head; and 

(c i a lumen adapted to deli\ or material to said aperture: 
and 

a source of material under pressure. 

65. A tool according to claim 64, comprising a lumen for 
a guidewire. 

66. A composite tool for accessing bone comprising: 
a drill tool including a lumen; 

a separable guidewire adapted to fit in said lumen; and 

a handle adapted to control the relative positions of said 
drill tool and said guidewire. 



